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PEEFACE 

This book was commenced with the object of placing 
some help in the hands of chief engineers and others, to 
whom the efficient working of steam plant is of interest 
and importance. Also to assist them in determining 
whether the existing arrangements for producing a 
draught on their boiler fires are as satisfactory as it is 
possible to make them, or whether a more economical 
method is available. It was hoped, also, that it might 
prove a convenience and guide where an entirely new 
plant is concerned. 

The writer does not pretend that there is much that is 
original in these pages, but his intention is to put the 
matter which forms the subject of this work in such a 
way that it will be presented clearly to the reader. 
Wherever possible, numerical examples are given. 

The value of mathematical investigation is well appre- 
ciated, but if it is relied on too completely, to the 
exclusion of practical experience, the results are likely 
to be greatly misleading. It is for this reason that men 
of high scientific attainments are sometimes at fault 
when they have to tackle a problem in practical work. 

Thanks are due to the different firms who have kindly 
placed at the writer's disposal drawings, etc., of the 
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various apparatus and machinery that they manufacture, 
and especially to Messrs. Bumsted & Chandler, Ltd., 
whose assistance on the subject of induced draught, 
drawn from their great experience of this system, has 
been invaluable. 

To Mr. J. M. Kennedy thanks are also due for his 
trouble in supplying me with various items of infor- 
mation. 
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CHAPTER I 



DRAUGHT 



As is well known, oxygen is necessary for the com- 
bustion of fuel. This oxygen is supplied by the 
atmosphere, which is composed of twenty-one parts of 
oxygen to seventy-nine parts of nitrogen. To burn fuel 
efiQciently, so as to get the greatest possible heat therefrom, 
some means must be employed to draw the air through 
it, at a high enough velocity to supply all the oxygen 
that is required, that is, to cause a draught, otherwise 
the fire would burn but slowly, and very little heat would 
be given off. 

There are several ways of producing this draught. 
These may be divided into two sections, which are : those 
that draw the air through the fire by suction, and those 
that force it through under pressure. 

In the first division the apparatus most usually met 
with is the ordinary chimney, generally built of brick, 
but sometimes of steel. As everyone is aware, this is 
simply a tall hollow column, up the centre of which the 
hot gases produced by the combustion of the fuel ascend. 
Its height is determined by the duty that it will have to 
perform. Sometimes only a small chimney is built, and 
a draught is induced by placing a steam jet inside. The 

B.D. B 
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steam used to supply the jet is often the exhaust steam 
from an engine. 

A third method is to place a mechanically driven fan 
at the end of the boilers, to act upon the fires in the same 
manner as a chimney, and this is known as induced 
draught. "When this system is employed it is possible 
in some localities to dispense with a chimney altogether. 

All these arrangements have the same effect upon the 
fires, that is, they draw the air through the fuel by 
causing a partial vacuum in the flues. 

In the second division are those systems which work 
by forcing the air through the fuel, and are those arrange- 
ments in which the space below the firebars is closed, 
and air is forced in under pressure by the action of steam 
jets. The Meldrum furnace is a typical example of this. 
Another system is that in which air is forced under 
pressure, by means of a mechanically driven fan, into 
closed ashpits, and thence through the fires. All these 
systems have their merits and demerits, which will be 
carefully described in the following chapters. They all 
are designed with the same object in view, namely, to 
supply the fuel on the firebars with sufiicient oxygen, 
and thereby to maintain as high an efficiency of 
combustion as possible. 

In the following chapters the various systems are 
described, together with other information that bears 
upon the subject-matter of the volume. 



CHAPTER II 

CALCULATIONS RELATING TO AIR 

This chapter is devoted to explanations of the rules 
and formulfe concerning air, especially such as are 
required when dealing with large volumes at low 
pressures. 

When calculating the weight of a specified volume of 
air at different temperatures the absolute temperature 
must be used, not that registered by the thermometer- 
This temperature is that shown on the thermometer, 
plus 461° if the thermometer in use is calibrated in 
Fahrenheit degrees, but if in centigrade degrees then 
273° must be added. 

The manner in which the above figures are arrived at 
is fully explained in many of the engineering text books, 
amongst others in Professor W. J. M. Eankine's book on 
the steam engine, and other manuals dealing with similar 
subjects. From any of these publications the necessary 
information will be gained by readers who do not already 
know how these figures are arrived at. 

The volume of a certain weight of air, or the weight of 
a known volume of air, can easily be calculated for 
different temperatures, when these have been obtained. 
The volume of a fixed weight of air is directly propor- 
tional to its absolute temperature, while the weight of a 
known volume is inversely proportional to the absolute 
temperature when the pressure remains constant. 

b2 
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Aa an instance, the volume of 1 lb. of air at 32° F. is 
12'36 cubic feet, but if it is raised to 500° F. in tempera- 
ture, the volume it will then occupy is — 

500 + 461 



Volume = 12-36 X 
= 12-36 X 



32 + 461 
961 
493 

= 24-1 cubic feet. 
Therefore its volume will be almost doubled. 

Again a cubic foot of air at 32° F. weighs 0-0807 lb., 
while its weight at 500" F. will be— 

82 + 461 



Weight = 0-0807 X 



500 + 461 

493 

961 



= 0-0807 X 
= 0-0414 lb. 

For the use of readers, the weight of a cubic foot of 
air, and also the relative volumes, have been calculated 
between 32° and 700° F. at atmospheric pressure. 

These values will be found in Table I. 

The air pressure used in conjunction with boiler 
draught, whether it is obtained by natural or mechanical 
means, is, comparatively speaking, very slight. On this 
account it is customary to measure it in inches of water, 
the instrument used being known as a water-gauge. 
Although many readers who take up this book are prob- 
ably well acquainted with it, a detailed description may 
not be out of place. A water-gauge can very easily be 
made by anyone who is a handy man. 

A mahogany board, as seen at A in Fig. 1, should be 
procured, with a glass U tube B J5i mounted upon it, 
and attached by small brass clips as seen at E. It will 
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be noticed that the tube is bent at D to form a right- 
angle with the leg Bi. This is done to allow an india- 
rubber pipe to be fixed, so that the water-gauge can be 
connected up to the interior of the chimney. A movable 
scale, marked in inches, should be fixed between the two 



Table I. 



Teiiipr. 
(leg. P. 


Relative 
Volume. 


Weight of a 

cubic foot 

in lbs. 


T.Miipr. 
deg. F. 


Relative 
Voluine. 


Weight of a 

cubic foot 

in lbs. 





0-985 


•0864 


170 


1^279 


•0630 


10 


0-955 


•0844 


180 


1-299 


•0620 


20 


0-975 


•0827 


190 


1-320 


•0611 


30 


0-995 


•0810 


200 


1-330 


•0601 


32 


1-000 


•0807 


225 


1-374 


•0579 


40 


1-016 


•0794 


250 


1-444 


•0559 


50 


1-036 


•0778 


275 


1-495 


•0540 


60 


1-056 


•0763 


300 


1-546 


•0522 


70 


1-076 


•0749 


325 


1-597 


•0506 


80 


1-097 


•0735 


350 


1-648 


•0490 


90 


1-117 


•0722 


375 


1-689 


•0477 


100 


1-137 


•0710 


400 


1-750 


•0461 


110 


1-157 


•0696 


450 


1-852 


•0436 


120 


1-178 


•0684 


500 


1-954 


•0418 


130 


1-198 


-0673 


550 


2-056 


•0384 


140 


1-218 


-0661 


600 


2-158 


•0376 


150 


1-239 


•0661 


650 


2-260 


•0357 


160 


1-259 


•0640 


700 


2-362 


•0338 



vertical portions of the glass tube, as seen at F in the 
figure. When required for use, the tube must be filled 
with water, until it stands at a height as indicated by 
the dotted lines at C C. The water should preferably 
have been stained, so as to make it easier to read. The 
writer has found an infusion of coffee very useful for 
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(1) 



(lA) 



SI4I 



this purpose. After the liquid has been put in it will 
naturally stand at the same height in each of the vertical 
portions of the tube. The scale F must now be moved 
until the zero line, which is in the centre of it, is at 
exactly the same height as the level of the water. A 
convenient length of rubber pip- 
ing must be obtained, one end of 
which is attached to D, and the 
other end to a small iron tube, 
which must be introduced such 
a distance into the chimney or 
fan inled that the end of it is 
about in the middle of the stream 
of gases, of which particulars are 
required. The iron tube should 
have the end bent, as seen in 
Fig. 1a, and, when a reading is 
being taken, cai-e must be exer- 
cised to see that the inlet of the 
pipe faces the stream of gases. 
It is a good thing to pack the 
end of the pipe very lightly 
with cotton wool, so as to damp 
down the oscillations of the 
column of water, which will 
taken. On 
inspecting the instrument, when it is connected up 
to a chimney or the inlet of an induced draught fan, 
it will be noticed that the water in Bi has risen, while 
that in B has fallen. If the water-gauge had been con- 
nected to the discharge of a forced draught fan, the 
water in Bi would have been depressed, while that in 
the other leg would have risen. Whether forced or 



FlOi?. 1, lA. 



enable a more accurate reading to be 
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induced, for a similar intensity of draught, the difference 
in the levels would have heen the same. Now the vertical 
distance between Ihe surfaces of the two columns of 
water, as read off on the scale F, is a measurement of 
the intensity of the draught in inches of water, and is 
usually spoken of as so many inches water-gauge pressure. 
Thus, if there is a difference of 1 inch between the two 
levels, it means that the air pressure which is being 
investigated is just equivalent to the pressure exerted by 
a column of water one inch high. 

It is known that a cubic foot of water, at ordinary 
temperatures, weighs about 62'4 lbs., and from this 
it is easily calculated that each inch in height of this 
cube of water is equivalent to 

'•f-^ = 5-2 lbs. 

Therefore, on the base of this cubic foot, that is, on 
1 square foot, each inch of water exerts a pressure of 
5-2 lbs. 

If great exactness is required, one must take the 
actual weight of a cubic foot of water at the correspond- 
ing temperature. Thus, if the water is at 50° F., then 
the pressure per square foot for each inch is 

_ 62409 _ 
/ - ^2~ - 5 A 

while, if the temperature is 70° F., the weight per cubic 
foot is 62"813 lbs., and the pressure per square foot per 
inch water-gauge is 5-192. This is a refinement which, 
in general practice, is not necessary, as it is impossible to 
read an ordinary water-gauge to such a degree of 
accuracy, that the actual weight of a cubic foot of water 
signifies, at ordinary temperatures. 
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Table II. gives the weight of a cubic foot of water at 
various temperatures. 

Table II. 

Weight of a Cubic Foot of Water at Various 
Temperatures. 



Deg. F. 


Weight. 


32 


62-418 


35 


62-422 


40 


62-425 


45 


62-422 


50 


62-409 


55 


62-394 


60 


62-372 


65 


62-344 


70 


62-313 


76 


62-275 


80 


62-232 


85 


62-182 


90 


62-133 



Weight. 



95 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
212 



62-074 
62-022 
61-868 
61-715 
61-563 
61-381 
61-201 
60-991 
60-783 
60-548 
60-314 
60-081 
59-64 



It is often useful to express the water-gauge reading 
in ounces per square inch, and it can easily be shown, 
that 1 inch water-gauge pressure equals 0-578 oz. per 
square inch, and is also equivalent to 0-0361 lb. per 
square inch. 

For a further appreciation of this subject, it is 
necessary to consider the laws governing the movement 
of air. The method of ascertaining the pressure has 
already' been explained, and the next thing to do is to 
find out the velocity of the current of air undergoing 
investigation. This is obtained by means of an instru- 
ment called an anemometer, which consists of a small 
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and very light revolving element somewhat like a 

miniature windmill. This 

is fitted with a spindle, 

geared to a train of wheels, 

which operate a number of 

hands that move over dials, 

much after the fashion of 

the dials and hands on a 

gas meter which indicate 

the amount of gas passing 

through it. 

In Fig. 2 will be seen an 
outline of an anemometer 
in which A is the small 
impellor. 

B is the case containing 
the dials and necessary' 
gearing. 

C is a small stop for 
putting the dials in and 
out of action. 

D is a small swivelling 
socket by which the instru- 
ment can be attached to a 
staff, which enables read- 
ings to be taken without 
the necessity of the operator 
standing in the current of 
air. When this instrument 
is placed in the stream of 
air, delivered by a fan or 
other apparatus, the small 
impellor revolves. This 




Fig. 2. 



actuates the hands of the 
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measuring dials, and so the velocity of the air in a 
given time can be ascertained. These instruments are 
calibrated for air at ordinary temperatures, and should 
only be used in sucli, as they are much too delicate to be 
placed in the hot gases in boiler flues. Where an induced 
draught plant or chimney is installed, an idea of the 
amount of an- being dealt with can be obtained by using 
one of these inlrumenls at the entrance of the boiler 




Fig. 3. 
furnaces, that is, the ash-pit below the fire-bars. For a 
forced draught plant the instrument can be used in the 
fan inlet, and in this way the exact amount of air that 
the fan is passing can be ascertained. 

Some people prefer to work out the velocity from the 
known head, as obtained by calculation from the water- 
gauge reading, believing this to be the more accurate 
method, because an anemometer is easily put out of order, 
especially when used in currents of air at high velocities. 
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It is a simple matter to calculate the actual velocity 
Jue to the air pressure, the law governing this being 
exactly similar to that by -which the velocity of discharge 
of water from a tank due to a given head is obtained. 
Looking at Fig. 3, T is a tank containing water, whish is 
kept at a constant head by the supply pipe B. The 
discharge orifice is seen at <^K A certain pressure is 
maintained at Q which is equal to the head h multiplied 
by the density of the liquid. 

Let h = head. 
d = density. 
p = pressure. 

Then j) = lid. 

As it is arranged that the supply B shall keep the 
head constant, the pressure at the orifice, due to the head, 
will obviously be unchanged, and the water will flow by 
gravity, the rate of discharge being entirely governed by 
the head, if the effect of friction is neglected. In actual 
practice the velocity of flow is modified by frictional and 
otlier resistances. If this were not so, the velocity of 
flow would be exactly that due to the head, or, in other 
words, it would be exactly equivalent to the velocity of a 
body acted on by gravity, which had been made to fall 
from a height equivalent to the head /(, so that it is an 
easy matter to determine the velocity from the well- 
known formula for falling bodies which is 

where V = velocity in feet per second 

g = acceleration due to gravity = 32 feet per 
second per second in round numbers. 
The above formula may be written thus 

F = 8 V //. 
The total head h is the only means for procuring the 
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movement of the water or air, as the case may be, but 
this head has not only to produce the velocity ; it has 
also to overcome any resistance to its flow. In practical 
work this resistance is represented by pije or flue 
friction, or changes in direction of flow, etc. That 
portion of the total head which is required lo produce 
the necessary velocity is termed the velocitij head, while 
that required to overcome friction is termed the pressure 
head, so that 

Total head = Velocity head and pressure head. 

From the above it is obvious that in a system of pipes 
or flues, through which water or air is passing, the 
velocity will decrease as the resistance is increased, unless 
the total head is sufficiently augmented to overcome the 
additional resistance. It has already been shown that 
the pressure is equal to the density multiplied by the 
head, and using the same symbols it is evident that 

" = '' 

Referring to the formula for velocity, it will be noticed 
that the velocity is not in any way connected with the 
weight of the material in question, but simply with the 
head or height /( from which it falls. This only deter- 
mines the velocity. It therefore follows from the 
formula 

" = l 

that the less the density the greater the head, and 
consequently the higher the velocity of efiflux. It will 
be evident, when dealing with gases, whose density is 
very much less than liquids, that the velocity for a given 
pressure will be many times greater. 

Before the velocity can be calculated, it is first necessary 
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to determine the head. Now the standard atmos- 
pheric pressure, from which all these calculations are 
made, is that of 14-7 lbs. per square inch, which is equal 
to 29'9 inches as shown on the barometer. The weight 
of a cubic foot of air. at this pressure, and at a temperature 
of 32° F., has already been given, and is 0-0807 lb., 
therefore to find this head proceed in the following 
manner : — 

Let k = the required head as before, 

P == water-gauge reading in inches, 

D = density of water. 

d = density of air. 

p 
then h d — —^ X D 

therefore h = ^^^^, 

from which the velocity of the air due to the head can be 
found as already explained. Example ; — Suppose that it 
is necessary to find the velocity due to an air pressure 
equivalent to 4 inches water-gauge, when the temperature 
of the atmosphere is 32° F. At this temperature the 
density of water is such that a cubic foot weighs 62'418 lbs., 
therefore 

, 62-418 X 4 „„ „ , , 
'' = IT^TO^OW = ^^^^ ^''^' 
and the velocity due to this head will be 
V=8 V' 257-8 
= 128-4 feet per second. 
To obtain the greatest accuracy it will be seen from 
the above that it is necessary to have the temperature 
of both air and water, because the head will change with 
any variation of these temperatures, on account of the 
alteration which takes place in the density of the two 
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substances. Of course, when very great accuracy is 
required it is also necessary to take into account three 

Table III. 



Pressure in 








Inches of 

"Water at 

32= F. 


Head in Feet. 

6-44 


Velocity : Feei 
per Sec. 


Velocity : Feet 
Ijer Min. 


0-1 


20-3 


1221-6 


0-2 


12-89 


28-8 


1731-0 


0-3 


19-33 


35-2 


2115-6 


0-4 


25-78 


40-7 


2443-2 


0-5 


32-22 


45-5 


2731-2 


0-6 


38-67 


49-8 


2992-2 


0-7 


45-11 


53-8 


3-232-2 


0-8 


51-56 


57-5 


3455-4 


0-9 


58-00 


61-0 


3664-8 


1-0 


04-45 


64-3 


3862-8 


1-2 


77-34 


70-5 


4231-8 


1-4 


90-23 


76-2 


4570-8 


1-6 


108-12 


81-4 


4885-8 


1-8 


116-01 


86-4 


5182-8 


2-0 


128-90 


91-0 


5463-0 


2-5 


161-12 


101-7 


6102-6 


3-0 


193-35 


111-5 


6691-2 


3-5 


225-57 


120-4 


7-227-0 


4-0 


257-80 


128-4 


7726-2 


4-5 


290-02 


136-6 


8194-8 


5-0 


322-25 


143-9 


8638-2 


5-5 


354-47 


151-0 


9060-0 


6-0 


386-70 


157-7 


9462-6 


7-0 


451-15 


170-3 


10219-2 


8-0 


515-60 


182-1 


10926-6 


90 


580-05 


193-1 


11589-0 


10-0 


644-5 


203-6 


12216-0 



things : the increased density of the air due to the pres- 
sure, the exact height of the barometer, and the amount 
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of moisture in the air. This accuracy is only necessary 
in the case of delicate laboratory investigation, but for 
ordinary commercial purposes these further refinements 
are quite useless, and only complicate and tend to obscure 
the results of any tests that are taken. 

In Table III. are given the velocities per second and per 
minute, due to different heads, for air at a temperature of 
32° F. and at standard atmospheric pressure. 

The next point of interest is the horse-power that is 
represented by the movement of air. It has already been 
explained that 1 inch air pressure is equal to 5"2 lbs. 
pressure per square foot. Now if the water-gauge read- 
ing is multiplied by this figure, and by the velocity of 
air passing per minute, and the area of discharge, it will 
be seen that the result is in foot lbs., because it represents 
the distance moved through in feet, against a certain 
resistance in pounds. If the result so obtained is divided 
by 33,000, that is, the number of foot pounds in one horse- 
power, the result is the actual horse-power which is 
necessary to move the air. 

That is, ii A H P — air horse-power, 

= area of orifice, 

T' = mean velosity of air in feet per 
minute, 

P = water-gauge reading in inches. 

,, , „ ,^ 5-2 X P X T' X 
then AHP = ^^^ . 

This, of course, assumes an ordinary temperature of 
air. 

It often happens that the air has to be conveyed 
through ducts of a considerable length, and, where this 
is necessary, due allowance must be made for loss of 
pressure occasioned by the friction of the air passing 



16 BOILEE DEAUGHT 

along them. The resistance caused by this friction gives 
rise to a loss of head, which may be calculated very closely 
from this formula given by Mr. Thomas Box in his work 
on " Heat " : 

_ C^ X L 
~ (3-7 (If ■ 
where L = length of pipe in yards. 
d = diameter in inches. 
c = cubic feet of air per minute. 

The head, as calculated above, must be added to that 
actually required for the efficient working of the boilers, 
so as to obtain the total head which the fan will have to 
maintain. By examining the above formula it will be 
seen that the head varies in jjroportion to the length of 
the duct, and inversely as the fifth power of the diameter. 
From this it will be evident that the diameter of the 
ducts should be kept reasonably large so as to reduce 
the loss of head as much as possible. Of course, after 
a certain point is reached, a further attempt to reduce 
this loss will result in so great an increase in the initial 
expenditure, and the corresponding high charges for 
depreciation and interest, that the ultimate cost will more 
than balance the saving due to the low velocity of the 
gases. To avoid loss by friction as much as possible 
bends should onlj' be allowed where absolutely necessary, 
and should be made of a large radius, in order to place 
as little resistance as may be in the path of the 
gases. 

Up to the present, no mention has been made of the 
effect of an alteration of temperature upon the movement 
of air by mechanical means. It has been shown that the 
volume of a fixed weight of air is directly proportional to 
its absolute temperature. 



CALCULATIONS EELATING TO AIR 17 

Let t = lower temi^erature, 

^1 == higher „ 
.r = volume corresponding to t, 

•*'l ^^ a >> >> ^1) 

w — weight corresponding to t, 

"'l ^^ ;> !> )> ^1) 

V = velocity corresponding to t, 

' 1 >) jj J? ^ij 

and it has also been seen that the weight of similar 
volumes of air at different temperatures is inversely 
proportional to the absolute temperatures, which, put into 
a formula, is 

^ « + 461 
h -f- 461 

It is obvious that when a fan is required to give a 
certain water-gauge, it will have to run at a higher speed 
if the temperature is raised, for it will be remembered 
that 

V -8 Vli 
and also that 

It therefore follows that the velocity necessary varies 
as the square root of the head, that is 

V <x VTi. 

Seeing that the density varies inversely as the tempera- 
ture, the former will be lowered if the latter is raised, 
which will increase the head, so that it is evident that 
the speed which it is necessary to maintain, to keep the 
water-gauge the same with different temperatures, varies 

B.D. C 
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in direct proportion as the square root of the absolute 
temperature. 

So that, if T' represents the velocity at the higher 
temperatures, 

y _ r. / h + 461 

It will now be useful to see in what way the temperature 
affects the speed of the fan which it is necessary to main- 
tain in order to pass the same weight of air in a given 
time. In the first place, it is assumed that the fan will 
deal with an equal volume of air per revolution whether 
it is hot or cold, which, in practice, actually happens. It 
will therefore easily be seen that the revolutions will 
necessarily increase in exact proportion to the absolute 
temperature. 

Let S = revolutions per minute corresponding to t, 

^■u o c- w ^1 + 461 
then 5, = ,Sx^^. 

The power that is necessary to move air at higher 
temperatures next claims attention. As already seen, the 
power is found by multipl3'ing a velocity hj a resistance. 
A reference to the formula for finding the air horse-power 
will now be useful. It is known that the velocity varies 
as the square root of the absolute temperature, also that 
the area must necessarily vary as the velocitj', con- 
sequently the area also varies as the square root of the 
absolute temperature, so that the formula for the air 
horse-power may be written thus : 



5-2xPxrx7^^±^x^yA±^ 

^ jj p _ V ^ + 461 ^^ ( + 461 

33,000 
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where T' and A are the velocity and area at the tempera- 
ture corresponding to t. 
Simplified, this becomes 

5-2 X P X F X A h + 461 
33,000 « + 461 ■ 

From the above, it will be evident thatthe horse-power 
varies as the absolute temperature, that is, if 
P = A II P corresponding to t 
and Pi= ,, „ „ h, 

^x. T, r, ^ + 461 

then I\ = PX ^^^. 

These formulae do not take into account losses from 
leakage, but this question will be investigated in a future 
chapter. 



CHAPTER III 

CHIMNEYS 

The chimney is by far the oldest form of apparatus 
used to produce a draught. Its properties have been 
known for many centuries, and, considering the import- 
ance of it, the astonishing thing is that so little trouble 
has been taken to thoroughly investigate the laws which 
govern its efficient design. Of late years more has been 
done in this way, but in earlier times chimneys were 
built very much on the rule-of-thumb principle. Their 
chief recommendations as a means of producing draught 
are their simplicity, reliability, freedom from any working 
parts, and also the low cost of maintenance when once 
erected. As everyone is aware, a chimney is simply a 
hollow column of masonry, or a steel tube, into which 
the hot gases from the boilers are conducted. The move- 
ment of the gases in the chimney is due to the fact that, 
as they are hot their weight is lighter than an equal 
volume of cold air. They are consequently overbalanced 
by the latter, and the want of equilibrium gives motion 
to the column of hot gases, which rises, and the cold air 
from outside flows through the fire with a certain velocity 
to take its place. This velocity depends on many things, 
and the most important are : height of chimney, average 
temperature of gases, and area of cross-section of the 
interior of the chimney. 
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Fig. 4 is a diagram showing the manner in which a 
chimney acts. 

^■1 is a column of cold air. 

jB is a column of hot air. 

C is a fire. 

As soon as the fire is lighted at C, the hot gases, given 
off by the burning fuel, ascend in B. Now the following 
action takes place. The column 
of cold air in B is heated, and, as 
the weight of air decreases with 
a rise of temperature, it follows 
that the column of air in B will 
become lighter than that in C. 
This results in motion being set 
up in the direction of the arrows, 
and in this way the fuel at C is 
continually supplied with the 
necessary oxygen to keep it 
alight, and in turn the column B 
is kept heated. In actual practice, 
the cold column of air is the 
atmosphere surrounding the 
chimney. 

The velocity of gases in a 
chimney will be roughly proportional to the square root 
of the water-gauge. If the gases were able to pass up 
the chimney without any retarding effect due to friction 
on the inside surfaces, the velocity would be exactly pro- 
portional to the square lOot of the water-gauge, but as 
the air pressure increases so does the velocity, and con- 
sequently the friction. Therefore, in actual practice, it 
will be found that the velocity will increase at a 
somewhat lower rate. 
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In Chapter II. a Table was given of the velocity of air 
for different pressures. In ordinary chimney draught 
it will never be found that the actual velocity of the gases 
approaches that shown in the table. This is principally 
due to the friction of the gases, both upon the inside 
surface of the chimney and Hue, and also on account of 
the resistance offered by the fuel. The loss in friction 
that would arise if the flues were constructed so as to 
require a velocity corresponding with the head, in order 
to get rid of the gases sufficiently quickly, would entail a 
heavy loss in air pressure in the chimney itself, and the 
fires would suffer accordingly from insufficient draught. 
All practical formulae for obtaining the size of a chimney 
must necessarily be empirical, as it is absolutely impossible 
to calculate, with anything approaching certainty, what 
actual losses take place. Many engineers have devoted 
considerable time to the problem, and some of the more 
notable formulae that have been devised are given 
below. 



Authority. 

Molesworth . 

Christie 

Gale . 
Lange 
Smith . 



A 



Table IV. 

Af'-a Square" fet^t. 



12 V /-/ 
F 



K V H 
I = 0-07 F^ 



1 = 0-00049 n F 
0-0825 F 



V'H 



^ - V12 .4. 

H = 15 D + 32-5. 
F V 



11 
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A = area at top in square feet (inside). 

B = weight of air allowed per lb. of coal. 

B = diameter at top in feet (inside). 

F = weight of coal burnt per hour (lbs.). 

G = grate area in square feet (total). 

H = height of chimney above grate in feet. 

{ F 

\ T'orTVi ^oi' bituminous coal. 
j^ ! i o9 Or 

/ pv for anthracite. 

t = temperature of flue gas, deg F. 
A rule that will be found to give good results may be 
stated as follows : — 

Taking the average value for the velocity of the hot 
gases at 1000 feet per minute, through the net area of a 
chimney 100 feet high, then the velocity for other heights 
will vary as the square root of the height. 

Let H — height of chimney above grate, 

V = velocity per minute; then 

r = 1,000^-11-. 
VlOO 

- 1,000 X -~. 

— 100 X Vli. 

Thus, for a chimney 200 feet high, the velocity will be 
T' = 100 \/"200. 
= 100 X 14-14. 
= 1414 feet per minute. 
In the above rule, by net area is meant the gross area 
less a strip 2 inches wide round the perimeter, so that 
in a circular chimney 5 feet in diameter the gross area 
is 19'6 square feet; therefore the net area will be tliat of 
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a circle 4 feet 8 inches diameter, that is, 17'6 square feet. 
It is upon this last figure that the velocity will have to 
be calculated. 

The allowance of 2 inches is necessary, as it is found 
that the gases immediately adjacent to the brickwork 
are stationary, or move only very slowly ; consequently 
this portion of the chimney is ineffective. 

The following Table gives the maximum velocities of 
gases in feet per minute, which are recommended for 
chimneys of various heights. The velocities given should 
not be exceeded, but may with advantage be somewhat 



Table Y. 



Height. 


Velocity 
through 
Xet Area. 


Velcitj 
4. 


through Gross Area. ] 
in Feet. 


Diameter ot Chimneys 




6. 


8, 


10, 


12. 


70 


836 


702 


745 


767 


781 


795 


80 


894 


752 


797 


: 820 


834 


850 


90 


948 


796 


845 


870 


885 


901 


100 


1000 


840 


892 


' 918 


934 


951 


110 


1048 


880 


935 


962 


' 978 


996 


120 


1095 


920 


976 


1005 


1022 


1041 


130 


1140 


957 


1017 


1016 


1064 


1084 


140 


1183 


994 


1055 


1085 


1105 


1125 


150 


1225 


1029 


1092 


1124 


1144 


1164 


160 


1265 


1062 


1128 


1161 


i 1181 


1203 


180 


1341 


1126 


1196 


1281 


! 1252 


1275 


200 


1414 


1487 


1261 


1298 


1320 


1344 


220 


1483 


1245 


1322 


1361 


1385 


1410 


240 


1549 


1801 


1381 


1421 


1446 


H73 


260 


1612 


1354 ! 


1437 


1479 


1505 


1588 


280 


1674 ' 


1406 


1493 


1536 


1563 


1591 


800 


1732 


1454 I 

1 


1544 


1589 


1617 


1647 
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When designing a chimney the principal data required 
will be : — 

(1.) The maximum number of boilers it will serve. 

(2.) Square feet of grate area per boiler. 

(3.) Amount of coal to be burnt per square foot of 
grate. 

It will first be necessary to determine the height 
required. For this the quantity of coal to be burnt per 
square foot of grate would have to be known. A simple 
rule given by Professor E. H. Thurston is that the 
amount of coal burnt per square foot of grate equals 
twice the square root of the height of the chimney, 
minus 1. 

This, put in the form of an equation, is 

F = 2 \/li - 1, 
from which it is seen that 

where // = height of chimney in feet as before. 
F = fuel in lbs. per square foot of grate. 
Having ascertained the height, the next thing to 
obtain is the area, which will depend upon the height 
and the volume of gases to be dealt with. In the case 
of a well-arranged boiler plant, with all the brickwork of 
the flues in good condition, it will be necessary to allow 
300 cubic feet of cold air at 32° F. per lb. of coal 
when the boilers are working under natural draught. 
Having obtained the total grate area, and the fuel burnt 
per square foot, it is an easy matter to get the total coal 
burnt per hour. Allowing the above quantity of air per 
lb. of coal, the total quantity of cold air per hour or 
per minute is easily arrived at. The volume of air thus 
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obtained must be corrected for the mean temperature in 
the chimney, which, in a well-designed plant, will usually 
be about 550° F. Eoughly, the temperature in a brick 
chimney is reduced about 2° F. for every yard in 
height, so that if the gases at the base are at a certain 
temperature (Tb), the temperature at the top (Tj) will be 

H 
3 

and the mean tempei'ature will be 
_ 1\ + 7'b 

J-m — 2 

This may be simplified, so as to save the double 
operation, into 

T,„ = 2 7'b - (? X 2 



:^t - n - ^ X 2, 



Ih '^! 



3 

H 
8 



where 



Tj = temperature at base of chimney, 
Tf == temperature at top of chimney, 
7'„j= mean temperature of chimney, 
H = height of chimney in feet. 
The following example has been worked out to 
illustrate the foregoing rules : — 

It is desired to build a chimney suitable for a battery 
of seven Lancashire boilers. The grate area per boiler 
is 39 square feet, and the fuel is to be burnt at the rate 
of 25 lbs. per square foot of grate per hour. Assume 
that the temperature of the gases as they enter the base 
is 600° P. From the formula given above, the height 
of the chimney necessary to burn the fuel at the rate 
specified may be calculated thus : 
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H = ('?^-±iy = 132 == 169 feet, say 170 feel. 

The mean temperature of the gases in the chimney 

will be 

170 
T,„ = 600 - :^ 

= 600 - 56-6 

= 543-4° F., say 544° F. 

It is now necessary to determine the total weight of 
fuel that will be burnt per hour. 

There are seven boilers each with a grate surface of 
39 square feet. The total grate area ((r) is 

G = 39 X 7 

= 273 square feet. 

Let F = the total weight of fuel burnt per hour, 
then 

F = 273 X 25 = 6825. 

This is equivalent to 113'75 lbs. of coal per minute. If 
300 cubic feet of air at 32° F. are allowed per lb. of coal, 
then 

Total air = 113-75 X 300 

= 34,125 cubic feet per minute. 

This air, when converted into gases, at tlie mean 
temperature of the inside of the chimney, will occupy 
a much greater volume than at 32° F. These gases may 
be treated exactly as if the original air were heated to the 
tem[>erature of the chimney, ignoring the fact that it 
has undergone a chemical change. This may be done 
without introducing any appreciable error. It lias 
already been mentioned that (his increase in volume 
is proportional to the absolute temperature, therefore 
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the volume of the gases at the highei- temperature 
will be 



Volume at 544° F. = 34,125 X 



= 34,125 X 



544 + 461 
32 + 461 
1,005 



493 

= 69,560 cubic feet. 

The velocity of the gases per minute inside the 

chimney will be 

T' = 100 X VTto 

= 100 X 13-05 = 1,305 feet. 

The effective area of the chimney will be 

. 69,560 _„ , J. , 

Ag = = 53 4 square teet. 

J.,oUO 

If a circular chimney is to be built, the actual internal 
diameter will be 8 feet 7 inches, after making due 
allowance for the ineffective belt of gases immediately 
adjacent to the brickwork. The length of a side of a 
square chimney, required to give the necessary area, 
would be 7 feet 5 inches. 

Chimneys that are designed in accordance with the 
above rules will be found to agree very closely with 
many that are already satisfactorily at work ; in fact 
these formulae have been constructed from actual 
examples which have been brought under the writer's 
notice, and they constitute a mean of the values that 
have been observed. Few formulae are in entire 
agreement as to the height and area of chimneys. 
Readers who are interested enougli in the subject to 
trouble about it will find a most instructive exercise in 
the calculation of these dimensions from the formula 
given in Table IV., and will notice how the values vary. 
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It will be seen that the method just described gives a 
greater area than any except the second one, namely, 
that given by Lange, while it gives a greater height than 
any except the formula devised by Professor Gale. 

There are several tables of chimney dimensions given 
in various publications, but almost invariably the area is 
too small when considered in the light of the rules just 
given. 

When designing a new chimney, it will be necessary 
to estimate the approximate suction water-guage pres- 
sure that it will produce. Commence by finding the static 
pressure due to the two columns of air, at the tempera- 
tures of the atmosphere, and of the gases in the chimney 
interior. Thus there is the column of air outside, at a 
density which will be denoted by ch while ch will 
represent that of the column of hot gases inside the 
chimney. 

Let H = the height of the chimney in feet, 

P — static pressure in pounds per square foot, 
then P - Hch — H(h 
=^ H (ch - ch). 

Now refer to the example which has already been 
worked out, where the height is 170 feet and the mean 
temperature of the gases 544*^ F., and assume that the 
temperature of the atmosphere is 50° F. It is known 
that air at 32° P. has a density of -0807 lbs. per 
cubic foot, therefore the density at 50° F. is 

^. = «»' X S^ 

= -0778 lbs., 
and similarly at 544° F. it will be found to have a 
density of "0396 pounds per cubic foot. 
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By substituting these values in tlie above equation it 

is found that 

p = 170 (-0778 - -0369) 
= 170 X -0382 
= 6-494 lbs. 
It has been shown that a pressure of 1 inch of 
water is equivalent to 5-2 lbs. per square foot, 
therefore, under the above temperature conditions, the 
static pressure in inches of water at the base of the 

chimney would be 

6-494 

= 1-25 inches. 
As soon as the gases are set in motion, the water- 
gauge pressure will fall considerably. The following 
formula will give the probable suction pressure likely 
to be obtained in practice under normal conditions : 

-9\ 



^ = ^(t-¥ 



where T = absolute temperature of gases at base of 
chimney 
t = absolute temperature of atmosphere. 
Substituting the actual values, it is seen that 

P = 170 / 7-6 7-9 \ 

V50 + 461 600 -j- 461/ 

'" V511 1061/ 
= 170 (-01487 - -00745) 
= 170 X -00742 
= 1-26 inches. 
If the mean temperature is taken, instead of the 
temperature at the base, the result becomes P = 1-19 
inches. 

This is nearer to the actual draught that the chimney 
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will give than the former figures. One must not rely 
too much upon the results of the formulae for the 
suction water-gauge, for however carefully data of 
chimney draught are taken, the formulae devised 
therefrom can only be correct for weather conditions 
similar to those that existed when the observations were 
made. Alterations in the temperature and humidity of 
the atmosphere, or the force and direction of the wind, 
all tend to cause variations in the intensity of the 
draught. The condition of the inside of the chimney 
will also affect the result. The following table gives 
the pressure in inches of water that may be expected 
with the temperature of the atmosphere at 3'2° ¥. and 
of the gases at 600° F. at the base of the chimney. 

Table VI. 



Height of 


Mean 


Draught : Inches 


Chimney. 


Temper-ature. 


of Water. 


70 


577 


0-54 


80 


574 


0-62 


90 


570 


0-7 


100 


567 


0-78 


110 


564 


0-84 


120 


560 


0-92 


130 


557 


1-00 


140 


554 


1-08 


150 


550 


1-14 


160 


547 


1-22 


180 


540 


1-37 


200 


634 


1-5 


220 


526 


1-63 


240 


520 


1-77 


260 


514 


1-89 


280 


507 


2-04 


300 


500 


2-16 



82 BOILEE DRAUGHT 

It may happen sometimes that a chimney which is 
ah'eady in existence does not give sufficient draught. 
It is necessary to warn readers not to be led into 
supposing that an increase in the height will necessarily 
give the draught required, otherwise they may be tempted 
to go to a considerable expense with disappointing 
results. Should the draught be poor, it must be ascer- 
tained, in the first place, it the chimney is of sufficient 
area to take the gases which will be produced by the 
increased rate of combustion. If this point is not 
accurately decided the expense and trouble of an 
alteration may be entirely thrown away. The reason is 
that, although an increase in the height will certainly 
tend to increase the water-gauge, it must be remembered 
that the several resistances of the flues and chimney 
will increase as the square of the velocity, so that the 
added resistances of these will tend to nullify the effect 
which the increased height of the chimney should have 
on the fires. If the chimney is of ample area, then the 
additional height will have an appreciable effect on the 
furnaces. An example of an actual chimney, which is 
at present working satisfactorily, may not be without 
interest to readers. It is therefore given below with the 
data collected while under normal working conditions. 
The particulars are : — 

Height of chimney 157 feet above grate. 

Area „ ,, 81 square feet. 

Temperature at base 400° F. 

Total coal burnt per hour 10,521 lbs. 

Water-gauge at base 0"5 inches. 

Coal burnt per minute — ^ — 

oU 

= 175-3 lbs. 
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If 250 cubic feet are allowed per lb. of coal con- 
sumed, then the cold air required at 32° F. per minute is : 
Air per minute ~ 175-3 X 250 

= 43,825 cubic feet, 
and the volume of this air, when raised to 400° F., 
will be 

43,825 X j|3 

— 76,538 cubic feet. 

If 20 per cent, is added to this, to cover waste and 
leakage, which will be a sufficient allowance, as the 
boiler plant in question is in excellent condition, then 
the total volume of gases to be dealt with will be : 

Total volume of gases = 76,538 + ^76,538 X ^ 

= 91,845. 

As the area of the chimney is 81 square feet, the 

velocity through the gross area is : 

„ , ., , 91,845 

Velocity of gases = -^^j — 

— 1,134 ft. per minute. 

This will be seen to agree fairly closely with the 
velocities given in Table V. The diameter of a chimney 
with an area of 81 square feet will be rather more than 
10 feet. On looking down the table it is seen that for 
a chimney 10 feet diameter and 160 feet high the 
velocity of gases may be 1,181 feet per minute. 
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CHAPTER IV 

CONSTRUCTION 

Factoby chimneys are usually built of brick, but of late 
years steel has come very much into vogue. A chimney 
built of the latter material, that is steel, is considerably 
less expensive, but the life of it cannot be nearly so long 
as a well-designed one built of brick. Up to the present 
time steel chimneys have not been long enough in general 
use to enable one to say what their average life is, but 
it is unlikely to be of more than twenty years duration. 

Brick chimneys are either circular, square, or octagonal 
in shape, but of the three a circular one is to be pre- 
ferred, on account of the lower wind resistance it offers. 
A very neat and workmanlike looking chimney is built 
by making the lower portion square, and then continuing 
with a shaft circular in shape. The height of the square 
part should be about one sixth of the total height. It is 
essential that a chimney should have a very substantial 
foundation, as the total weight of a large factory chimney 
is very great. This should be made of concrete, and the 
building of the shaft should not be commenced until it 
has had at least a month to set hard. Under these 
conditions, the area of foundation allowed should be such 
that the pressure does not exceed four tons per square 
foot. The depth depends entirely upon the nature of the 
ground, but it should be carried down until good sound 
foundation is reached. Where this is not possible piles 
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must be driven to secure the requisite solidity. Too much 
care cannot be taken to see that this foundation is built 
upon a really firm base. It is quite possible, after 
an apparently solid strata has been reached, that it rests 
upon a substratum of much less stable material. Should 
this be so, there is the possibility that as soon as the 
weight of the chimney is placed upon it the foundation 
will move. Some guide as to the necessary area to allow 
for foundations will be got from the following. 

If the ground upon which the chimney is to be built is 
" made " ground the pressure should not exceed one ton 
per square surface foot, that is, the pressure should be 
reckoned upon the area of the foundation at the surface of 
the ground. If the ground is of a clayey nature two tons 
may be allowed as a maximum, and from three to eight 
tons if of rock. 

The external dimensions of the chimney next claim 
attention. Molesworth says that the diameter at the base 
should be not less than one tenth of the height, also that 
the outside batter should be 0'3 inch per foot, and 
that the thickness of the brickwork should be one brick 
for 25 feet down, one and a half bricks for 25 to 50 feet 
from the top, and so on. 

If the inside diameter at the top exceeds 4 feet, then 
the thickness must be one and a half bricks instead of 
one, but in the case of very small chimneys the first 10 
feet may be only a half brick in thickness. A good 
quality of concrete should be used in the foundations, 
and in cases where a very expensive and consequently 
heavy chimney is to be built steel joists are often 
bedded into them, to aid in binding the whole together. 
After the lower portion of the foundation is got into place 
the upper part should be stepped back in 6-inch courses 

D 2 
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as seen in the illustrations, as it is unnecessary to carry 
it up to the ground level to the full dimensions. When 
this work has been completed, and has had sufficient time 
to set properly, the building of the shaft may be com- 
menced. Arrangements must be made for the entrance 
of the gases from the boilers. The openings provided for 
this purpose will detract from the strength of the 
structure, so that the brickwork surrounding them must 
be strong, the top being arched, and the corners finished 
off with bull-nosed bricks. Provision must also be made 
at the base, for a cleaning door to enable accumulations 
of soot being easily removed. This opening may be 
fitted with a hinged door if preferred, but, as the base of 
the chimney will require to be cleaned out only very 
infrequently, an iron plate bricked into place will suffice. 
If an iron door is decided upon, a cast-iron frame should 
be built into the chimney, also the door must be well 
fitted and quite air-tight. If the foundations have to be 
built in a water-laden soil, great care must be taken to 
keep the hole free from water, and while building opera- 
tions are proceeding it may be necessary to keep a pump 
at work. The concrete should be made quickly, and 
rammed well after it is put in place. 

In the best designs a factory chimney consists of two 
elements, namely an outer and an inner shaft. An air 
space is left between the inner surface of the outside 
shaft and the outer surface of the inner one. This 
annular space forms a good non-conducting medium 
and prevents the gases in the chimney becoming very 
much cooled. During the course of erection the two 
shafts will be bonded together at regular intervals. It is 
advisable to procure correctly shaped bricks, especially 
in the case of a circular chimney, as it will greatly add to 
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the appearance of 
the work, and will 
obviate a consider- 
able amount o f 
labour in the actual 
work of erection. 
Cement mortar 
should be used, as 
it is preferable to 
lime for this work. 
Some designers pre- 
fer to line the inside 
of the chimney with 
firebrick, but this is 
quite unnecessary, 
if the temperature 
of the gases is not 
likely to exceed 
600° F., and if the 
material .used for 
the inner shaft is a 
good quality of well 
burned brick. The 
chimney may be 
finished off with a 
cap of a more or 
less ornamental 
design, carried out 
either in brickwork 'i^^^ 
or in cast-iron, 
depending upon the 
class of ornamenta- 
tion desired, and 




iBi^^^f 



Fig. 5. 
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also upon the expense to which the owners will agree. 
If a east-iron cap is decided upon, it is well to design it 
so that the centre of gravity of a section on one side of 
the centre line lies inside the diameter of the chimney. 

An example of a brick chimney is seen in Fig. 5. 

^Vhen, as is frequently the case, two flues enter the 
chimney at opposite sides, a mid fin should be built 




Fig. 6. 

across the shaft, as shown in the section through the 
lower portion of a chimney, see Fig. (5. 

If this is not done, the draught will be greatly 
impaired. 

It is only in first-class work that separate shafts are 
built, which leave an annular space between as seen in 
Fig. 5, but for chimneys of moderate size it is usual to 
build only asingle shaft. 
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If a steel chimney is desired, tbe foundation will be 
very similar to that of a brick chimney, but a number 
of holding-down bolts will have to be built into it. These 
will be placed in a circle, the diameter of the pitch line 
being made to correspond with the holding-down flange 
at the base of the shaft. These bolts should be spaced 
about 1 foot 6 inches to 2 feet apart, this distance 
depending upon the size of the chimney and the diameter 
of the bolts. The foundation should be carried up just 
level with the ground line, and the chimney mounted 
immediately upon it, or else, if desired, a short square- 
brick column may first be built, and the chimney bolted 
to this. If the first method is employed, the entrance 
through which the gases reach the chimney must be 
arranged for in the foundation. If the second style is 
preferred, this entrance may be in the column of brick- 
work immediately above the foundation, but this is a 
matter of convenience. 

The foundation should be finished with a heavy east- 
iron ring, secured by means of the holding-down bolts 
mentioned above, and upon this ring the chimney 
proper must be erected. The plates of which it is built 
should vary in thickness, the lower rings being about 
J inch to jg inch thick, while the upper ones may be 
only ]3g or J inch thick. In shape this steel shell 
may be simply a straight cylindrical tube, in which 
case it will have to be provided with guy-ropes to main- 
tain it securely in a perpendicular position. These guy- 
ropes must each be fitted with turn buckles, to allow of 
correct adjustment. 

If the chimney is to be a self-sustaining one, the lower 
portion should be coned, as seen in Fig. 7. Let D represent 
the diameter of the outside of the steel chimney, if it were 
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continued to the foundations in the same manner as one 
that is kept in position with guy-ropes, then the diameter 
of the base should be 2D and the height of the cone from 
3D to 4D. If a square concrete foundation is provided, 
the length of any side of the base should also be from 
about 3D to 4D, depending upon the nature of the ground 
and the height of the structure. This form of steel 
chimney takes up less room than the one first described, 
as there is no necessity for guy-ropes. It also has a very 
neat appearance. 

Ornamental cornices are sometimes fitted, in which 
case copper is found to be the best material for these, as 
it resists corrosion. At the best of times ornamentation 
is expensive and also a very dissatisfactory way of 
employing capital. It also gives a very top-heavy 
appearance to a chimney, in the writer's opinion. 

For the construction of a steel chimney, no rivets less 
than j^ inch diameter should be employed. Where the 
plates used are more than ^^ inch thick, then the rivets 
in these plates should be the same in diameter as the 
plates are in thickness. 

The steel shell must be lined completely with brick- 
work to the top, otherwise the excessive cooling effect, 
due to the greatly increased conductivity of steel over 
brickwork, will so reduce the temperature of the gases 
as to greatly impair the draught. This is particularly 
noticeable in wet and windy weather. A case in point 
occurred only recently in the writer's experience. A 
municipal electricity works had erected a steel chimney, 
which proved unsatisfactory, so they proceeded to line it 
throughout, and although this greatly reduced the effec- 
tive area, and consequently increased the velocity of the 
gases, yet, notwithstanding, the draught was enormously 
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increased, and the chimney afterwards gave complete 
satisfaction. 

A space is usually left between the lining and the steel 
shell, which space may be filled up with dry sand if 
preferred. The weight of a steel column is very much 
less than a brick one for a given duty, weighing often 
only about one-third. 

When a steel chimney is being erected it should be 
painted inside and out with a paint made of red lead and 
linseed oil. The inside should receive two coats and the 
outside three, and every two years afterwards it should 
be given outside one coat of a similar paint. 

Fig. 7 is an illustration of a steel chimney. A portion 
of a boiler plant intimately connected with the chimney 
is that of the flues. These are the brickwork passages 
along which the gases flow from the boiler on their way 
to the chimney. They should be of ample area, and if 
possible should not include in their construction any 
sharp bends. Wherever it is necessary to alter the 
course of the gases, it should be done as gradually as 
circumstances will permit. It is well to allow sufficient 
area of cross-section, so as to ensure that the velocity of 
the gases will not exceed 1,500 feet per minute, but 
it may with advantage be less. In this way the loss in 
friction will be minimised, and the full effectiveness of 
the chimney obtained. In the event of mechanical 
draught being used, generous flue proportions lower the 
horse-power that is required to drive the fan. This is 
on account of the decreased air pressure that will have 
to be employed. If it is necessary to enlarge the flue at 
any point, as may happen should an economiser have 
to be installed, then this enlargement must be gradual. 
In the same way, when the flue has to be reduced, after 
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Fig. 7. 
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the gases leave the economiser, this again must not 
be accomplished suddenly. Abrupt alterations in the 
cross-sectional area of a flue cause losses, through the 
eddy currents that are set up, hence the necessity o£ 
attending to this point. When the flues from several 
boilers discharge into one main flue, it is advisable to fit 
curved guide plates in such a way that the individual 
streams of gases will not 
impinge directly upon the 
main current. An example is 
seen in Fig. 8. 

Attention to such points as 
these will ensure the highest 
efficiency being obtained, and 
is especially worth while where 
natural draught is employed, 
as in the best of installations 
from 18 to 20 per cent, of the 
total heat of the fuel is required 
to produce the draught. It 
therefore behoves owners of 
factories to make the best use of this expensive portion 
of their plant. 

The flues should be lined throughout with firebrick, 
and the joints between the bricks made with good fire- 
clay mortar and kept as thin as possible. Specially shaped 
firebricks are to be obtained for the settings of boilers. 

Flues must never be so contracted that they will not 
leave room for a man to enter for the purpose of inspec- 
tion, or for the periodical removal of soot. A cast-iron 
door and frame should be built into the outer wall of the 
flue at some convenient spot to admit of access to the 
interior. 
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The dampers, which will be fitted at various points in 
the flues, should be of the butterfly type, and preferably 
provided with cast-iron frames. These dampers are 
carried upon a spindle fixed at the vertical axis of the 
actual damper plate. They are therefore balanced and 
are easily opened and closed by means of a handle 
which is fitted to an extension of the spindle that pro- 
jects through the brickwork of the flue. This class of 
damper is preferable to those which open and close by 
sliding vertically in a frame, and are raised or lowered 
by means of a chain attached to them which passes 
over pulleys. The other end of the chain is provided 
with weights to balance that of the damper. These 
dampers entail the use of this cumbrous gear, but a 
worse feature is that a considerable amount of leakage 
takes place at the slot in the iron frame, or brickwork, 
through which the damper plate passes. "When forced 
draught is employed this leakage allows a quantity of 
waste gases to escape into the boiler-house, but with 
natural or induced draught more work is put upon the 
chimney or fan, whichever happens to be employed. 
Some advantage will be gained if flues are regularly 
cleared of soot. The periods for doing this should be 
arranged so that there is no chance of the flues becoming 
unduly choked. The length of time that may elapse 
between each cleaning will have to be fixed for each 
individual plant, and will depend upon the amount of 
work it has to do, the class of fuel used, the degree of 
perfection that is attained in the combustion of the fuel, 
and other such details. 

Of recent years ferro-concrete has been used occasion- 
ally in the construction of chimneys. It has the advantage 
of being much lighter than brick, as usually employed. 
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A form of chimney known as the " Monoshaft " has 
a distinctly neat appearance. This is a patented design, 
and the name of the patentee is M. Monnoyer. 

The chimney is constructed of specially shaped blocks 
of concrete, which are made in a mould, and are formed 
with a claw at one end, in such a way that the plain end 
of the next block fits into it. The outside of a claw 
comes at each angle of the chimney and forms an effective 
rib, giving the completed structure a very good appearance. 
The vertical reinforcements are placed in the spaces 
which the claws form, and after they are in position 
semi-dry concrete is used to cement the whole into one 
solid mass. The blocks are formed with a groove along 
the top surface, and in this is laid the horizontal reinforcing 
member, which latter is securely fixed to the vertical 
reinforcements. A certain amount of taper can be given 
to the shaft, the magnitude of which depends upon the 
distance each block is inserted into the claw of the one 
preceding it. 



CHAPTER V 

ARTIFICIAL DEAUGHT 

Although chimneys possess the advantage that after 
they are once built the maintenance charges are very 
Hght, and also that there is little to go wrong with them, 
they have their limitations and disadvantages, which 
are : — 

1. They are affected badly by climatic conditions. 

2. The draught is limited by their height and area. 

3. The intensity of the draught is not readily 
controllable. 

4. The efficiency is very low. 

5. The first cost is very high. 

Many systems have been devised for overcoming these 
disadvantages, and they may be placed under the general 
head of artificial draught. This again is properly sub- 
divided into two systems, viz. : — 

1. Jet-controlled draught. 

2. Mechanical draught. 

Under the first section comes the steam jet placed in 
the chimney, as commonly seen in locomotive practice, 
and the steam for this jet is supplied by the exhaust 
from the cylinders. This was a very general practice at 
one time in the case of factory chimneys, but it is almost 
obsolete now, as far better uses can be found for the 
exhaust steam. This system is still to be seen in some 
places, and can generally be detected by the very jerky 
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manner in which the smoke issues from the top of the 
chimney. It is only for locomotives that it is extensively 
employed at the present time, and in this case it is 
almost, if not quite, a universal practice. It is scarcely 
too much to say that if it had not been for the steam jet 
induced draught the problem of rapid transit, as it is 
known to-day on railways, would at least have been far 
more difficult to solve, and quite probably would never 




Fig. 9. 



have been solved at all, so that in this jiarticular instance 
a good use is made of steam which would otherwise go 
to waste. 

Of the many different attempts made to employ steam- 
jets for the production of draught, probably the best 
known device is the Meldrum forced draught furnace. 
The application of this, as many readers will know, 
consists of entirely closing up the ashpits of boilers of 
the Lancashire or Cornish type. These are then fitted 
with cast-iron tubes of a special form, in the centre 
of which a small steam jet is fixed. The steam when 
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turned on induces a strong current of air to flow through 
these cast-iron tubes, and this air is delivered into the 
ash-pit under pressure, and thence is forced through the 
boiler fires. The intensity of the draught may be regu- 
lated by adjusting the steam supply to the jet. In Fig. 9 
is seen a section through a furnace fitted with one of 
these appliances. 

A is the cast-iron specially shaped tube. 

B is the steam jet. 

C are fire-bars. 

TJ is the furnace front. 

E is the boiler shell. 

F is the steam supply pipe. 

There are many other systems in which the steam jet 
is employed. In some the fire-bars are perforated and 
hollow, and the jets are applied through the centre of 
the bars. It would take up too much space to enumerate 
all the different systems, but some of the more important 
will be described in a further chapter. 

Great care must be exercised when selecting a system 
of draught. It is not advisable to use steam jets in any 
form if the fuel contains much sulphur, because this, 
along with the moisture supplied by the steam, produces 
sulphuric and sulphurous acids. These afterwards 
condense and settle in the cooler portions of the boiler, 
or on the economiser tubes, and cause bad corrosion. 
Also when a steam jet is employed for forced draught the 
steam, on passing through the fuel, takes up some of the 
heat, which in other systems would be used for generating 
steam in the boiler. This class of apparatus has the 
advantage, however, that the initial cost of installing it 
is low in comparison with other methods. 

The draught is limited in a chimney by its dimensions, 
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and in any case it is not pnicticalile to build it of a height 
that will give such an intense draught as is possible 
with some forms of mechanical apparatus. One reason 
is the greatly increased expense of a very tall chimney, 
and another is that the mean temperature in the chimney 
will be lowered, and consequently the increase of the 
draught will not be proportional to the increased height 
but somewhat less. For instance, it has already been 
seen that the mean temperature in a chimney 170 feet 
high, with a temperature of 600° F. at the base, is about 
544° F. Assuming that the rate of heat loss due to 
radiation, etc., remains the same, the mean temperature 
in a chimney 300 feet high will be 

r. = 6oo-f 

= 600 - 100 

= 500° F. 
In actual practice it will be found that it is rather 
higher than this, as the rate at which the gases lose their 
heat will probably be slightly less towards the top, 
because the temperature difference between the gases and 
the atmosphere is less at the greater height. 

A further disadvantage of a high chimney is that the 
interest on capital outlay and a certain charge for depre- 
ciation, say 2^ per cent., has to be met each year, and 
this alone on a large chimney would amount to a consider- 
able sum. Then again, the intensity of the draught, 
even within the limits of a chimney, is not easily 
controllable. It is dependent upon the adjustment of 
heavy and inconvenient dampers, and at the best only a 
very approximate regulation can be attempted. The 
inefficiency of a chimney is well known, but many owners 
are willing to countenance it, partly because of the simplicity 
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of this means of producing a draught, and also because of 
the entire absence of any need of attention beyond the 
adjustment of the dampers, and probably because they 
are quite unaware of the extent of the loss which is 
entailed by the use of it. This matter is dealt with 
more closely in a future chapter, but it may be noted 
here that if a chimney is to work at its highest efficiency 
it should be dealing with gases at a temperature of 550° 
to 600° F. Professor W. J. M. Eankine, in his classical 
work on the steam engine, says that the weight of gases 
discharged by a chimney is greatest when the ratio of 
the absolute temperature of the atmosphere to that of 
the gases in the chimney is as 12 is to 25, and under 
these conditions a great amount of heat goes to waste, so 
to prevent this other means of providing a draught have 
been devised. This brings the reader to the second 
section of boiler draught with which this chapter deals, 
viz., Mechanical Draught. Mechanical draught includes 
all systems in which a mechanically-drivenfan is employed. 
Sometimes this fan is placed in the boiler-house, and the 
air from it forced along ducts into closed ash-pits, and 
thence through the fires. A system designed on those 
lines is known a,?, farced draught. Another method is to 
place the fan at the base of the chimney so that it deals 
directly with the hot products of combustion, which latter 
method of application is known as induced draught. 
Both systems have their advantages and disadvantages. 
A forced draught fan usually deals with cold air, therefore 
less power is required to drive it than when an induced 
draught fan is employed, which latter deals with hot 
gases. On the other hand, forced draught has a tendency 
to blow holes in the fires, especiallj- where the boilers are 
hand tired. On the whole, for land boilers an induced 



AETIFICIAL DKAUGHT 51 

draught plant is usually adopted, except in cases where 
forced draught is required in connection with some special 
type of furnace. 

Where an induced draught plant is installed in connec- 
tion with an economiser, the inlet of the fan should he 
connected to the flues hetween the economiser and the 
chimney. The fan will then have to deal with gases at 
about 350° F. instead of 550° to 600° F. There will 
thus be an advantage gained due to this reduction in 
temperature of the waste gases, which is that the power 
required to drive the fan will be considerably less. 
Another detail that must be given due consideration is 
the ratio of grate surface to heating surface. Before a 
mechanical draught system is installed a certain amount 
of fuel per square foot of grate would be consumed. If a 
plant is fixed to give a more intense draught, a greater 
amount of coal per square foot would be burnt, so that 
if no extra steam is required the grates may be much 
reduced in area. Another advantage of a more intense 
draught would be that much thicker fires could be used, 
so that the air required for combustion would come more 
intimately into contact with the fuel. Thus a much less 
quantity of oxygen would pass through the fires, uncom- 
bined with the carbon of the coal. As each lb. of 
carbon only requires a certain amount of oxygen, it is 
apparent that a much less weight of air per lb. of 
coal would be necessary. The lesult would be that the 
gases would reach a much higher temperature in tlie 
furnaces, and if the grate area remained the same the 
gases would leave the boiler at a higher temperature. 
If the most economical results are required this should 
not happen, and to prevent it some adjustment of the 
furnaces would be necessary to increase the ratio of grate 
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surface to heating surface, so that the temperature of 
the gases issuing from the boiler would lemain the 
same. 

A further economy may be obtained by installing 
apparatus for preheating the air as it goee into the 
boiler furnaces. This will abstract some of the heat 
still remaining in the products of combustion after they 
leave the economiser, and will further reduce the tem- 
perature of the gases which the fan has to handle. The 
Howden system of preheating air is probably the best 
known for forced draught installations, but this is 
principally used on board ship. The system invented 
by Messrs. Ellis & Eaves is often met with on land, in 
connection with induced draught. A very considerable 
gain in economy may easily be obtained in cases where 
the gases entering the preheater are at a temperature of 
300° to 350° F. On account of the greatly improved 
combustion obtaining in plants where mechanical 
draught is installed much less smoke will be made, in 
fact, in some eases, only a very thin mist will be seen 
escaping from the chimney top. 

"When a completely new works is being built, a sub- 
ject which continually presents itself for the considera- 
tion of the proprietors is capital expenditure. In most 
localities a minimum height is fixed by the authorities 
for factory chimneys. This is usually much too low to 
give the draught necessary for a modern boiler instal- 
lation, the chimney of which would have to be built 
much higher. With mechanical draught the height 
need only be such as will satisfy local regulations. It 
sometimes happens that there is no need to build a 
chimney higher than is sufficient to take the products of 
combustion far enough into the atmosphere to prevent 
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them being an inconvenience about the actual premises. 
This will save the large initial expense of a tall factory 
chimney, which is very much more costly than is a 
mechanical draught plant. 

When deciding upon the class of artificial draught 
that it will be best to employ two principal factors must 
be considered : 

(1) Initial cost of plant. 

(2) Economy of working. 

Generally speaking, devices in which a steam jet is 
employed are, as already mentioned, much cheaper to 
instal than a mechanically-driven fan. On the other 
hand, they use considerably more steam, probably 
two or three times as much as a steam engine capable 
of driving the fan. Then again, the steam goes to 
waste and is not recoverable in any way. In the case 
of a steam-driven fan an altogether different condition 
of things exists, for the exhaust steam from the engine 
can be used for heating the feed water of the boiler, so 
that very little heat is wasted. The engine of a 
mechanically-driven draught plant requires only a very 
small proportion of the total steam generated, but the 
smaller the plant the greater is the proportion of the 
total steam required. 

The combined efficiency of a steam-driven fan of 
moderate dimensions, that is, the ratio between the 
indicated horse-power of the engine and the air horse- 
power representing the output of the fan, should be 
about 65 i^er cent. From careful tests made some years 
ago by the writer to find out the efficiency that could 
be reckoned -on where jets of steam were used to induce 
a flow of air, most disappointing results were obtained. 
It was found that an efficiency of only 10 to 15 per 
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cent, at the very outside was likely to be realised. 
These results were obtained by measuring the volume 
of air discharged and the air pressure, and also by 
measuring the weight of steam used. It was known 
what horse-power this steam would develop if used to 
drive an engine of a similar type to that which would 
be employed for mechanical draught, and so the 
elficiency was calculated on this basis. When economy 
in running costs is more to be desired than a minimum 
initial outlay, a mechanically-driven fan will be found 
the most suitable device to employ. 



CHAPTER VI 

FORCED DRAUGHT 

It has already been stated that forced draught is the 
system almost universally employed on board ship, and 
Howden's special appliance is the one generally adopted. 

In this system the air, on its way to the furnaces, 
is forced by a fan through a chamber attached to the 
boiler front. The hot gases, before passing up the 
funnel, are forced through tubes in this chamber, and so 
i^reheat the air. The advantage of this system is that 
combustion is more complete, and can be accomjjlished 
with a less quantity of air per lb. of coal than would 
be possible with natural draught, also some of the waste 
heat is retained by the preheating of the entering air. 
From both these causes higher furnace temperatures are 
obtained, and so greater economy in fuel results. 

Often the stokehold is sealed, and the fans are fitted 
without a case in such a manner that they revolve just 
inside the bulkhead, causing a pressure of air to be 
maintained throughout the stokehold. In land boilers, 
when a forced draught system is employed, provision 
must be made for closing the ducts which lead the air 
to the ash-pits at the same time that the fire doors are 
opened, otherwise there is the danger that the fire will 
blow back into the stoker's face and cause a nasty burn. 
An arrangement is often fitted so that the action of 
opening the door closes a butterfly damper fixed in the 
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air duct. This obviates any danger from the above 
cause, making it impossible for any accident to happen 
should the stoker neglect to close the damper, which 
might easily occur in a moment of forgetfulness if it 
were not connected permanently to the furnace door. 

It is necessary to so arrange the furnace fronts that 
some air can be discharged above the fuel to assist the 
combustion of the volatile hydrocarbons which are 
given off as each fresh charge of coal is thrown on the 
fires. If this is not done trouble will arise on account 
of the emission of heavy smoke from the chimney. 

When it is desired to apply forced draught to an 
existing plant, consisting of w-ater-tube boilers, it will 
general!}- be found most convenient to build a brick duct 
along the front of the boilers, the top of which can be 
formed of well-fitting chequer plates. From this main 
duct passages should be built to convey the air to the 
several boilers, which passages should be fitted with 
dampers for regulating the supply of air independent!}- 
to each furnace. In the case of Lancashire or Cornish 
boilers the ash-pits should he sealed, and the air led 
below the fire-bars by means of steel-plate ducts. When 
a new set of water-tube boilers is being installed the 
bridge may be built hollow to form the mam duct, and 
this is then fitted with dampers, which are controlled 
from the boiler fronts by long levers. The discharge 
from these ducts should not be directed towards the 
fire-bars, but the dampers should be so arranged that 
they act as a bafile and sjDread the air over the floor of 
the ashpit before it ascends through the fires. This 
is a verj^ important point in the arrangement of forced 
draught, wtiich, if not attended to, will lead to the uneven 
combustion of the fuel, so that the fire will tend to burn 
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into holes. Should this happen, a quantity of cold air 
will find its way into the furnace, which will cool the 
gases and decrease the efficiency of the boiler. When 
this system is applied to the furnaces of Lancashire 
boilers, it is usual to fit baffle plates, arranged so as to 
prevent the current of the blast being directed locally 
upon the fuel. The fan for creating the draught may 
be driven in any way that is most convenient. The 
writer prefers a steam engine for the motive power, 
because if this is used a special regulating valve can 
be employed which is controlled by the steam pressure 
irA the boilers. With this arrangement the speed of the 
fan will vary with the demands made upon the boilers, 
so that the steam pressure can be kept constant. 

The next questions that arise are, what quantity of 
air will be required for a certain consumption of fuel, 
the power necessary to move this air, and also the 
diameter and speed of the .fan to do the work ? 

With regard to the amount of air that is required for 
combustion, the theoretical quantity that is necessary 
for an average lb. of coal is approximately 12 lbs., 
that is, 150 cubic feet of air at 32° F., but in actual 
practice a much greater allowance is made. For a first- 
class plant in which the draught is furnished by means 
of a chimney usually about twice the amount is required, 
and it would be by no means difficult to find cases in 
which 350 to 400 cubic feet of air per llj. of coal is 
used. Such conditions, of course, are extremely wasteful. 
The difference between the amount of air used and that 
theoretically required for combustion is known as the 
air required for dilution, and, as seen above, may easily 
vary from 100 to 200 per cent, more than the theoretical 
requirements. In a modern plant, where everything is 
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kept up in good condition, and where some system of 
mechanical draught is employed, it will usually be 
found that from 200 to 250 cubic feet per lb. of fuel 
will be sufficient. This reduction is greatly due to the 
fact that a much more intense draught is employed, 
which enables fires of a greater thickness to be worked, 
and, as the air pressure is entirely controllable, it can 
be regulated to suit the greater resistance caused by 
the thick fires. Under these conditions, it will be seen 
that each particle of air becomes more intimately mixed 
with the carbon in the fuel, so that much less oxygen 
will pass through uncombined with the carbon. It is 
therefore obvious that a much less weight of air will be 
necessary to supply the requisite oxygen, so that the 
gases leaving the fuel, which are approximately equal in 
weight to the air entering it, will be at a greatly increased 
temperature. One reason why this is so is very obvious. 
The atmosphere consists of 21 parts of oxygen to 79 of 
nitrogen, which latter gas is absolutely useless for 
purposes of combustion. It therefore passes through 
the fuel not only uselessly, but it is actually detrimental, 
because a considerable amount of the heat units obtained 
from the coal is taken up by the nitrogen in order to 
raise its temperature to that of the gases, thus reducing 
the furnace temperature. It is therefore quite clear 
that if it • is possible to reduce this loss the temperature 
of the gases in the furnace will be much higher, and, as 
the amount of heat transmitted to the water through a 
metal plate is directly proportional to the difference in 
temperature on the two sides, it follows that the 
evaporative power of a boiler will therefore be increased. 
Thus, although the gases in the furnace are hotter, they 
ought not to escape from the boiler into the flues at a 
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higher temperature, otherwise the full advantage due to 
mechanical draught is lost. It will therefore often be 
necessary to make an alteration to the area of the grate, 
as already suggested. 

If the main object is to obtain a greater quantity of 
steam, it may not be possible to manage this without 
sacrificing the steaming capacity which the fan was 
principally intended to augment. It occurs not infre- 
quently that a battery of boilers is in such a restricted 
space that it is not possible, in cases where there is 
a scarcity of steam, to instnl another boiler. In such an 
instance, a well-proportioned forced draught plant may 
quite easily be the means of generating 30 per cent, more 
steam, and, at the same time, doing this more economi- 
cally, that is, evaporating a greater weight of water per 
lb. of fuel. 

It it is not convenient to alter the grate area, the 
economiser, if one is fitted, can be increased by adding 
more tubes to it, and thereby raising the temperature of 
the feed water. In Chapter II. was given the method of 
calculating the horse-power represented by the movement 
of a known volume of air against a resistance. The 
formula for this is 

J TT p _ 5-2 X P X V X O 
33,000 

where V and represent, respectively, velocity of air per 
minute and area of orifice in square feet. It is easily 
seen, therefore, that these multiplied together give the 
volume passing through the fan. 

Let V X — volume = r. 

This simplifies the formula into 

AHP -^-^^->^ 
33,000 
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This does not take into account the loss of power in 
the fan itself which will vary depending upon the effici- 
ency of the plant. With a fan of moderate dimensions, 
say one capable of dealing with 60,000 cubic feet of air 
per minute at a pressure of 2 inches of water, there 
should be no difficulty in obtaining an efficiency of 
70 per cent., therefore if 

B H P = brake horse-power 

)( = efficiency, 

5-1 X P X .V 



then B 11 1 



33,000 X n 



In order to elimiaate intermediate calculations and so 
facilitate the obtaiaing of the brake horse-power directly 
from the weight of coal burnt, it is necessary to fix upon 
a certain volume of aii* per lb. of fuel. This must be 
estimated from a knowledge of the boiler plant to which 
it is to be fitted. 

The formula for the brake horse-power then becomes 

5-2 X P X F X xi 
33,000 X n 

where F =^ weight of coal iu lbs. per minute 

xx = volume of air in cubic feet jDer lb. of F. 

By making 

3Wo^x^i = ^"°^''''°* = ^ 

then B HP - K X P X F. 

The following table gives K for different values of xi 
and n. 
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200 



0-3 
0-4 
0-5 
0-() 
()-7 
0-8 
0-9 



•07875 
•05895 
■04725 
•08937 
•03375 
•02953 
•02625 



•105 

•0786 

•063 

•0525 

•045 

•0394 

•035 



260 


300 


350 


•13125 


•1575 


•18375 


•09825 


•1179 


•13755 


•07875 


•0945 


•11025 


•06562 


•07875 


•09187 


•05625 


■0675 


•07875 


•04922 


•05907 


■06892 


•04375 ' 


•0525 


■06125 



To find the speed of the fan in revolutions per minute 
it is first necessary to ascertain what air pressure will be 
required to overcome the resistance of the fires, flues, and 
chimney, and also to give the air the necessary velocity. 
Usually a pressure of 2 to 2J inches of water is sufficient, 
but in cases where the flues and chimney are very small, 
or where the gases have to be forced along tortuous 
passages with sharp corners, the air pressure must be 
increased. Experience, and a careful inspection of the 
boiler plant, to which the appliance is to be fitted, is 
necessary before a final decision can be arrived at. When 
the requisite air pressure has been decided upon, the 
equivalent head can easily be calculated, as explained in a 
previous chapter. Then the linear speed of the periphery 
of the fan in feet per second is 

Vf = a V 2y /^ 

where a is a constant depending on the shape of the fan 
blades. This constant will be greater than unity for 
cases in which the shape of the fan-blade tip is curved 
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backwards, that is, away from the dh-eetion of rotation, 
but it will be less than unity if curved in the opposite 
direction. For a perfectly radial blade only the constant 
is unity. In general calculations it may be taken at this 
last value, so that the speed of the fan in revolutions per 
minute will be 



„_ V 2gh X 60 

" — 5 

TT a 
where d = diameter of fan in feet. 
This may be simplified into 

„ _ 152-7 X Vli 

'^- d • 

The dimensions of the fan depend upon several things. 
In the first place, the method of driving has to be taken 
into account, as this more or less decides the speed at 
which it can be run, and which in turn will control the 
diameter. Then the volume of air which it has to handle 
must be considered, in order to arrive both at the width 
and area of inlet. In fact, one of the first things to 
ascertain is the diameter of the inlet, otherwise it is 
quite conceivable that the diameter of a fan suitable for 
a high speed might be arranged for, when the diameter 
of the inlet might be afterwards found to be greater than 
that of the fan. These things are matters which it is 
better to allow the makers of fans to settle, because it 
is very unwise for purchasers to interfere with these 
details. Naturally, manufacturers know best what their 
particular type of fan is most capable of doing. 

In order to assist possible purchasers of a fan to arrive 
at the approximate over-all dimensions, the foUo^ving will 
be found useful. First of all, it is necessary to decide 
upon the water-gauge pressure required. From this can 
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be found the velocity of the air dii3 to the head, to which 
this is equivalent. Then, having obtained the volume of 
air which the fan is required to pass per minute, the area 
of the inlet is 

O = 



8 V h X 60 X 0-62 
xi X F 



8 V h X 60 X 0-62 

The constant 0-62 is the co-efficient of efflux for a 
circular hole in a thin plate, which takes into account the 
reduction in the effective area due to the rcna contracta 
and frictional losses. 

Let di = diameter of inlet 



then d, = V — X 



making d — diameter of fan as before. 

Then the diameter of the fan impellor will be 

d — di X 1-667. 

In ordinary practice it will be found that a well- 
designed fan usually empties itself about twice for each 
revolution, so that the volume passed per revolution is 



where x,. = volume discharged per revolution. On the 
assumption that the fan empties itself twice per revolu- 
tion, it will be seen that the cubic caj)acity of the fan 
will be 

2 « 
where M — capacity of fan in cubic feet. 
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11 Z = width of fan then it is seen that 

X 

X IT 

_ 2 s 4 

X 

_ 0-637 s 

which, in terms of the fuel burnt per minute, becomes 
0-637 X -^^^^ 

a 

z = — 



d^ 

It will be an advantage at this point to work out an 
example based upon the formulae just given. Take the 
data given in Chapter III., in which case there were seven 
boilers burning 113"75 lbs. of coal per minute vith 
chiumey draught, and requiring 300 cubic feet of air 
per lb. of coal. With forced draught this will be 
reduced to, say, -2-2.5 cubic feet per lb of fuel. Assume 
an air pressure of 2 J inches of water and a fan efficiency 
of 70 per cent. First of all, it is necessary to find the 
power that will be required, which from the formula is 
_ 5-2 X 2- 5 X 113-75 X 2 25 
^ 33,000 X 0-7 

= 14.4. 
The head (/;) in feet, which is equivalent to an air 
pressure of 2i inches of water, is 
62-418 X 2-5 



h = 



12 X -0807 
161 feet at 32= F., 
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and the area of the inlet will be 

113-75 X 225 



= 



8 V 161 X 60 X 0-62 
= 6"79 square feet, 
from which the diameter will be found to be 

1 



di = ^ 6-79 X 



— 2-94 feet, 
and the diameter of the fan impellor is thus 
d = 2-94 X 1-667 
= 4-9 feet. 
It is now necessary to determine the speed of the fan 
in revolutions per minute. As already explained, this can 
be calculated as follows : — 

o _ V (2 X 32-16 X 161) X 6 

77 X 4-9 

= 397 revolutions per minute. 

The only dimension that remains to be found is the 

width of the fan impellor. This is seen to be 

225 X 113-75 
^ ^ 0637 X ^ 



4.92 

= 1-71 feet, or, say, 1 foot 9 inches. 
These figures are for use if the constant for the blade 
shape is unity. If it varies from this, both the diameter 
and the width of the fan will be modified. The exact value 
of the constant can only be determined by careful 
experiment. 
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CHAPTEE VII 



INDUCED DRAUGHT 



It has already been cursorily mentioned that an induced 
draught plant consists of a fan placed at the base of the 
chimney, and connected with a battery of boilers. Its 
function is to draw the hot gases from the flues and 
discharge them into the chimney. The action of the fan 
draught upon the fires is exactly similar to that of a 
chimney, only that it can be much more intense, and, like 
forced draught, it is controllable at wUl, and is quite inde- 
pendent of climatic conditions. One great advantage of 
this system is that there is no danger of accidents from 
burns, the tendency being for the fan to draw the air 
through the fire doors, as soon as they are opened. 
However, a disadvantage under which it labours is that 
the power required to drive the plant is considerably 
more than that necessary for forced draught. But as a 
set-off against this is the fact that the cost of installing 
an induced draught plant is usually considerably less 
than for forced draught. This is because in most cases 
there is not a great amount of air duct to be arranged 
for, the suction of the fan being merely coupled up to the 
existing flues, and the discharge connected to the chimney 
by a short piece of steel tubing or a brickwork passage. 

Peclet tried an experiment with induced draught some 
years ago, when he had two boilers constructed which 
were arranged so that one could be worked with natural 
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draught. This was fitted with a furnace in the usual 
way. The second boiler, having no furnace, was installed 
as an auxiliary to the first, but in the outlet for the gases 
was fitted an induced draught plant. Dampers were pro- 
vided in this experimental installation, and were so 
arranged that the gases from the first boiler could be 
drawn through the second one, by the induced draught 




Fig. 10. 

fan. He obtained very favourable results, finding that 
about 25 per cent, more coal could be burnt per square 
foot of grate, while more than 50 per cent, additional 
steam was generated. With natural draught he evapo- 
rated 7'21 lbs. of water per lb. of coal, while with 
mechanical draught the evaporation was 9 "26 lbs. 
In the former case, the temperature of the waste gases 
was 650^^ P., while in the latter it was only 410° P. 
This difference of 240° represents about 57 British 

F 2 
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thermal units saved per lb. of gases. When designing 
a plant of this description, it should, if possible, be 
arranged so that the discharge is in an upward direction 
as seen in Fig. 10. This reduces the resistance offered 
to the flow of the gases. 

It is easily seen that if the gases were discharged 
horizontally into the chimney they would impinge against 




Fig. 11. 

the opposite wall, which would prevent them getting 
freely away. This would cause an obstruction, and so 
reduce the output of the fan. "When a horizontal dis- 
charge is unavoidable, a curved plate should be fitted to 
guide the air into an upward direction. If it is sometimes 
desired to use the chimney instead of the fan, tbe curved 
plate can be hinged, so that it may be raised or lowered 
at will, as shown in the illustration in Fig. 11. 

It is likewise inadvisable for the fan to be arranged so 
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as to discharge the gases in a downward direction, and 
should be avoided wherever possible. The natural 
tendency of the hot gases is to rise, but if they are 
constrained to go downward, it will be necessary to 
provide additional driving power for the fan, in order to 
overcome the greater resistance. 

It has been shown that the power required to drive a 
correctly designed fan is proportional to the absolute 
temperature of the air with which it has to deal. It is 
therefore important, in order to reduce the power to the 
lowest point, that the temperature of the gases should be 
as low as possible. Therefore, where an economiser is 
installed, the fan should deal with the gases after they 
leave it. It will usually be found that at this point they 
will be at a temperature of 350° to 400° P. It may 
sometimes happen that it is not possible to get a fan in 
this position, and so the next best place is to fix it between 
the boiler and economiser, where the temperature of the 
gases will be about 600° F. This will entail a certain 
amount of additional power as already mentioned. 

An important point to notice in the case of an induced 
draught plant is that of leakage. Where forced draught 
is used this matter is unimportant, as any leakage that 
takes place will be that of gases from the inside of the 
flues, and will not put additional work on the fan. With 
induced draught the case is entirely different. As there 
is a higher air pressure outside the boiler flues, settings, 
etc., than inside, any leakage that there is will therefore 
be into the flues. Consequently, a fan must be so pro- 
portioned that it will deal with this leakage, in addition 
to the gases generated by the combustion of the fuel. 
Even in a boiler plant, where everything is in good 
condition, this leakage may easily amount to 25 per cent. 
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of the total air required for combustion, and is the sum 
of the leakages through damper fittings, flues, man-hole 
lids, being principally due to the porosity of the bricks 
and mortar. This allowance of 25 per cent, also covers 
the extra weight of gases, over and above the weight of 
an- entering the fire. For instance, if a boiler is using 
24 lbs. of air per lb. of fuel burnt, and this fuel 
contains 80 per cent, of combustible matter, it is obvious 
that the gases generated will weigh 24 + "8 = 24*8 lbs. 
for every lb. of coal burnt, that is, an increase of 
3'3 per cent., leaving a balance to cover actual leakage of 
21 '7 per cent. 

To prevent lealtage through brickwork, the writer finds 
that if it is painted with several coats of gas tar, a 
decided reduction in the amount of leakage will be notice- 
able ; but it will be reduced to a minimum, if the boiler 
settings are faced with glazed bricks, and care is taken to 
see that the mortar joints are kept as thin as possible. All 
brickwork inside the boilers should be kept in good repair, 
and frequently inspected with this end in view. 

When making calculations for an induced draught 
plant the necessary allowances must be made for leak- 
ages and temperature of gases. Otherwise the fan will 
give very disappointing results. Using the same symbols 
as for forced draught, the horse-power in the air becomes 
5-2 X P X V X A h + 461 
"^ 38,000 t + 461 ■ 

This can be simplified, as before, into 

5-2 X P X r h + 461 
33,000 f + 461 ■ 

Let n = fan efficiency, then 

5-2 X P X X h + 461 
33,000 X n ^ i + 461 ■ 
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This formula may be modifted, to enable one to calculate 
the brake horse-power dh-ectly from the fuel, as in the 
ease of forced draught. 

Let k = percentage of leakage 

Xi = cubic feet of air per lb. of fuel. 
F = fuel burnt in lbs. per minute. 
Then 

BJTP- 5-2 X P X (F + k F) X x^ h + 461 
33,000 X 71 ^ f + 461 ■ 

The calculations necessary for arriving at the dimen- 
sions of the fan are very similar to those for forced 
draught. The periphery speed of the fan will vary as 
the square root of the head, as in the case of a forced 
draught plant, so that the formula 

T7 = a V 2 gh 

remains as before. The value of V It, of course, varies 
as the density of the air, which is considerably less for 
hot air than for cold. The higher temperatures that 
are usual with induced draught, therefore, require the 
periphery speed of the fan to be greater. This speed 
in revolutions per minute is as before. 

„ _ a V 2 g h X &0 

IT d 

where d = diameter of fan in feet. 

The area of the fan inlet is the next point of importance. 
This will be also found as in the previous chapter, viz. : 

O - — ,, ^1 + 461 

^~\/2ghx60x 0-62^ t + 461" 

The head (h) will, in this case, be a very much greater 
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figure than when cold air is being employed. The above 
formula becomes in terms of fuel burnt 

xiX{F+kF) ^1 + 461 
^~V2ghx(iOX 0-62 t + 461 
from which the diameter is easily found. 

It d = diameter of fan, then for an induced draught 
fan 

d = di X 1-67. 

This will give a good proportion, and the width of the fan 
will be 

X 

and this, in terms of the fuel burnt per minute, is 

0-637 X --><(^+^^ X ^; + l^; . 
„ _ s t -\- 4bl 

^- d' 

Now apply the foregoing to the supposititious case 

already mentioned. Assuming that the same amount of 

air per lb. of coal is required, and that the leakage into 

the flues is 25 per cent, of the total air necessary, then 

k - 0-25. 

Also assume that the waste gases enter the fan at 

350° F., then the brake horse-power required is 

„ TV p ^ 5-2 X 2-5 X (118-75 + (0-25 X 113-75) X 225 

38,000 X 0-7 
850 + 461 



X 



82 + 461 



_ 5-2 X 2-5 X 142 X 225 811 
~ 33,000 X 0-7 ^ 493 

= 29-5. 
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A cubic foot of air at 350° F. weighs 

^^ = '■'''' X s^rSf 

= 0-049, 

so that the head (h) is 

, _ 62-418 X 2-5 

^ ~~ 12 X -049 

= 266 ft. 

From this the area of the inlet will be 

^ ^ 225 { 113-75 + (0-25 X 113-75) } 811 

~ V 2 X 32-16 X 26"6 X 60 X 0-62 ^ 493 

= 10-78 square feet. 

therefore, the diameter of the inlet is 

4 
rf; = V 10-78 X - 

77 

= 3-7 feet. 

The diameter of the fan impeller will then be 

ci = 3-7 X 1-667 = 6-17 feet. 

The speed of the fan must next be determined, and 

will be 

1 A/^x'32a6~X 266 X 60 ,„„ , ,. 

S — ^^rs = 406 revolutions 

IT X 6-17 

per minute, and the width of the fan will be 

. .„_ ^ 225 I 113 -75 + (0-25 X 113-75)J 811 

^OMi X "^406 2Z ZZ1___493 

Z _ g_^^^ - 

= 2-167 feet, say, 2 feet 2 inches. 
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A COIIPARISON 



Now that examples of the three principal methods of 
producing a draught for factory boilers have been worked 
out, a comparison of the results obtained may be 
interesting. This will be made upon a heat unit basis. 
As most readers are aware, a British Thermal Unit is 
the amount of heat that is required to raise 1 lb. of 
water 1° F. in temperature. The specific heat of a sub- 
stance is the amount of heat that is required to raise 1 lb. 
of it 1° F. in temperature. Now the specific heat of air 
is 0-286, which means that it requires 0-236 B. Th. U. 
to raise the temperature of 1 lb. 1° F. 

In the first place, it will be noted that the temperature 
at the base of the chimney with natural draught is 
600° F., while with mechanical draught it is only 350° F. 
Then the total volume of the gases is 34,125 cubic feet 
per minute at 32° F., as seen in the example on page 27. 
Now the weight of this air is : 

Weight of air = ~^^ = 2,760 lbs. 

It has been seen that in order to obtain a good draught 
it is necessary in the case of a chimney that the gases 
should be at about 600° F., that is 250° F. higher in 
temperature than is found in the examples of mechanical 
draught. 
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The amount of heat that will be necessary to raise the 
temperature of the above weight of air to 600° F. is : 

B. Th. U. = 2,760 X (600-32) X 0-236 
= 370,000 per minute about. 
With forced draught the volume of air required per 
minute was 25,600 cubic feet, that is : 

Weight of air = ^^ = 2,071 lbs. 

In this case the temperature at the base of the chimney 
is 350° F., so that the heat units which escape with the 
gases are : 

B. Th. U. = 2,071 X (350-32) 0-236 
= 155,000 about. 
An induced draught plant requii-es the same amount 
of air per lb. of coal as a forced draught plant, in so 
far as the actual combustion is concerned. To this must 
be added the amount of air that is anticipated will leak 
into the flues. In the example taken this has been 
estimated at 25 per cent., so that with this plant the 
total heat units will be : 

B. Th. U. = 155,000 X (0-25 X 155,000) 
= 193,750 about. 
It is seen that the saving in heat units by employing 
induced draught is therefore : 
Saving in B. Th. U. = 370,000 — 193,750 = 176,250 
In the example worked out it was seen that although 
the temperature at the base of the chimney was 600° F., 
the mean temperature in the chimney was 544° F., 
therefore the number of heat units lost in radiation is 
B. Th. U. = 2,760 X (600 - 544) X 0-236 
= 36,400 
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so that the net heat units used solely for creating a 
draught will be 

Net B. Th. U. = 370,000 - 36,400 = 333,600 
In Table VIII. these figures have been collected 
together for convenience. 

Table VIII. 



Class of Draught. 


Net B. Th. U. 


Gain in B. Th. U. 
over Chimney. 


Percentage 
Saiang. 


Chimney 

Forced 

Induced 


333,600 
155,000 
193,750 


178,600 
139,850 


53-6 % 
42-0 % 



These examples have been worked out so as to show 
clearly in what direction a saving may be expected. The 
figures obtained would be modified in practice by radiation 
and other losses. For instance, although in the case of 
induced draught it is seen that 139,850 units less escape 
to the chimney than with natural draught, not all this 
heat is available for use with economisers or feed heaters, 
but a portion will be given up to the feed water to raise 
its temperature. Much of it will be lost by radiation, 
both through the brickwork of the flues and also through 
the metal of the eeonomiser tubes, and in other ways. 
What proportion actually is lost depends upon the 
condition of the installation to which it is applied. A 
considerable amount of the heat will be given up to the 
water in the boiler, and will thus directly generate 
additional steam. In the examples the amount of coal 
per minute has been constant, but the air per lb. of 
coal is considerably less in the case of mechanical draught. 
Now it has already been mentioned that this will raise 
the temperature of the gases in the furnace, and if the 
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grate area has been adjusted so as to bring the temperature 
of the escaping gases to about 600° ¥., then under these 
conditions it will be obvious that much more water per 
lb. of coal should be evaporated; It is on this account, 
and to the fact that the temperature of the escaping 
gases may be made lower, that the increased ecoQomy is 
greatly due. 

It is generally found, when the conditions are favour- 
able, that the application of mechanical draught will 
increase the steaming capacity of a boiler plant from 20 
to 30 per cent., and this often with a cheaper quality of 
fuel. If the fan used is driven by a steam engine the 
amount of steam required by it is from 1 to 1^ per cent, 
of the total steam generated by the boilers. A well- 
,known firm of high repute, who have studied closely the 
problem of mechanical draught, recently fitted an induced 
draught plant to a battery of six Lancashire boilers. 
; After the alteration these boilers easily did the work 
which formerly nine boilers could only do with difficulty 
in adverse climatic conditions, and not only so, but the 
■extra duty was accomplished with an inferior fuel. The 
saving to the firm who purchased the plant was about 
£150 a month, and the initial cost of the installation 
was approximately only £550. 

Fig. 12 is a diagram showing roughly the distribution 
of temperatures in a Lancashire boiler. 

Case (i) is for a plant worked under natural draught 
conditions, and is shown by the full line. 

Case (2) is for mechanical draught, in conjunction 
with which an economiser is at work, and is shown by 
the dotted line. 

The vertical ordinate in the figure represents tempera- 
ture in degrees Fahrenheit to scale, and the two curves 
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show diagrammatically where the variations in tempera- 
ture occur. This has been fully explained in the 
preceding paragraphs. 

Some years ago Mr. Arthur Blechyden read a paper 
before the Institute of Mechanical Engineers, in which 
he said, referring to Mechanical Draught : — 

"First, it seems fairly well established that if the 
boilers are well constructed, and are provided with ample 
room to ensure circulation, their steaming power may 
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Fig. 12. 
without injury be increased to about 30 to 40 per cent, 
over that obtained on natural draught for continuous 
working, and may be about doubled for short runs. 
Secondly, such augmentation is accompanied in normal 
cases by an increased consumption per indicated horse- 
power. But thirdly, the same or even greater power 
being indicated, it may with moderate assistance of 
forced draught be developed with a smaller expenditure 
of fuel, the grates, etc., being properly proportioned. 
Fourthly, forced draught enables an inferior fuel to be 
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used; and fifthly, under certain conditions of weather, 
when with normal proportions of boiler it would be 
impossible to maintain steam with natural draught, the 
normal power may with forced draught be ensured. In 
particular cases any or all of these advantages may be a 
source of economy ; and the first of them may render 
possible that which would otherwise be impracticable." 

The above quotation specially refers to forced draught 
in marine practice, but it may all be as truly said with 
regard to forced or induced draught for land installations. 

The next question that arises is that of initial cost. A 
well-built chimney of the aforementioned dimensions, 
that is, 170 feet high and 8 feet 7 inches in diameter, 
would not cost less than Jil,200 to £1,500. A forced 
draught plant suitable for seven Lancashire boilers, 
including a well-made enclosed high-speed engine, all 
necessary ducts and dampers, with automatic arrange- 
ments for closing the ducts as the boiler doors are opened, 
would cost approximately only £450, while the cost of an 
induced draught plant (provided that there were no long 
ducts, or ducts of a difficult shape to construct) would be 
about £350. In all cases these prices have been calcu- 
lated on the assumption that first-class work has been 
employed, and the necessary foundation work has been 
allowed for. No chimneys have been included in the 
estimates for mechanical draught, but where these are 
necessary they will be much shorter, and also less in 
diameter than for natural draught, an allowance of £300 
for them being ample. These values are only very 
approximate, and will necessarily vary according to the 
state of trade, value of materials, or locality. At the 
same time they may be taken as showing the relative 
cost of the several systems. 



CHAPTEE IX 

THE APPLICATION OF MECHANICAL DRAUGHT FOE LAND 

INSTALLATIONS 

Amongst the different systems that have been devised 
for the production of draught and the economical com- 
bustion of fuel, the following have been selected as 
representative arrangements, which have been successful 
in practice. 

In Chapter YI. the Meldrum furnace was described. 
This belongs to that class of apparatus, which depends 
on a jet of steam for obtaining the necessary draught, and 
very considerable economy is obtained by its use. 

A more elaborate furnace, but one that depends upon 
a similar arrangement of steam jets for its draught, is 
the Halliwell furnace. This is seen in Fig. 13, which 
shows some fire-bars in position, and also the special air 
tubes. There is nothing novel in the manner of creating 
the draught. The ash-pits are closed by a plate, and 
steam jets are fitted much in the same way as in the 
Meldrum furnace, but here the similarity ends. Immedi- 
ately inside the ash-pits, opposite the steam jets and 
running parallel to the axis of the boiler are two tubes, 
which are made the same length as the furnace. The air 
induced by the jets is delivered into these tubes, and can 
•only escape through the slots provided for it. These, it 
will be seen, are situated exactly opposite the spaces 
in the fire-bars. By this means the air pressure is 
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distributed evenly over the whole furnace, which is clearly 
shown in the illustration. It will be noticed that the 
fire-bars are placed across the diameter of the furnace, 
bearers being provided down each side. This arrange- 
ment is different to the usual practice, in which the 
spaces are parallel with the length of the furnace. 




Fig. i:i. 

Another point of interest is that the bars are given a 
slight rocking motion, in order to break up clinker and 
to dislodge anything that gets between them, so as to 
prevent the air passages becoming choked up. The bars 
are specially shaped so as to prevent warping. The steam 
jets may, with advantage, be replaced with fan draught ; 
and more economical results will be obtained on account 

B.D. ^ 
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of the higher efSciency of the latter appliance, hut, of 
course, the cost of the installation will be greater. 

Another form of boiler furnace, designed to obtain 
economical combustion, and at the same time smoke- 
lessness, is that made by the well - known firm of 
E. Bennis & Co., Ltd. Each complete furnace equip- 
ment consists of a hopper, into which coal may be 
thrown by hand, or supplied by a system of con- 
veying apparatus. Below this hopper is constructed 
a cast-iron feeding box, inside which is fixed a plate 
termed a "pusher plate." It is designed to have a 
reciprocating motion, which can be adjusted to suit the 
load on the boiler. The fuel falls from the hopper in 
front of this pusher plate, and is forced over a ledge 
formed by the bottom of the feeding box. An adjustable 
cam is fitted upon the driving shaft by which the rate of 
feed can be regulated while the apparatus is in motion. 
By observing the position of this cam, it may be noted 
what amount of fuel is being used. After the fuel is 
pushed over the ledge in the feeding box it falls on to the 
flat plate, which the makers term the " shovel box." Inside 
this a mechanically-operated shovel works which scatters 
the fuel that has already fallen upon the shovel plate 
into the furnace proper. The mechanism which works 
this shovel gear is interesting, and consists of a cylinder 
in which is fitted a piston. On one side of the piston a 
long coiled spring is placed, and is so arranged that the 
action of the cam compresses the spring, and upon being 
released forces the shovel smartly forward, thus scattering 
the fuel over the fire. To jprevent any jar on the furnace 
front the opposite end of the cylinder from which the 
spring is placed, forms a pneumatic buffer, which takes up 
any shock and ensui-es quiet operation. Another point 
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of interest is the cam that works the shovel. There 
are four projections upon it, each one having a different 
lift so as to vary the force with which the fuel is pro- 
jected forwards. By this arrangement the coal will be 
thrown to four different distances along the furnace, so 
that green fuel will only be upon one quarter of the fire 
at once, the remaining three-quarters being at different 
degrees of incandescence. This is a great aid to the 
smokeless combustion of the fuel, as the furnace is not 
chilled suddenly, but an even temperature is maintained 
which ensures the combustion of the volatile hydro- 
carbons. This furnace works under forced draught, 
which is also obtained by employing steam jets. The 
fire-bars are specially designed and consist of troughs 
which have a circular end to them. The fourth side of 
the troughs, viz., the upper one, is formed by the fire- 
bars proper, so that the troughs are protected from the 
fierce heat of the fire. The circular ends of these are at 
the front of the furnace, where each one is provided with 
a fine jet, through which highly superheated steam 
flows. This induces a current of air into each furnace 
trough at a high velocity, and from here it forces it way 
through the fire-bars into the fuel. The intensity of 
the draught can be regulated at will by varying the 
supply of steam to the jets. Another feature of this 
furnace is the moving fire-bars, which are drawn in and 
out by means of cams fixed upon a transverse shaft 
placed across the boiler fronts. This action results in 
the fuel being gradually forced to the back of the 
furnace, so that by this time nothing but clinker and 
ashes remain, which fall over the end of the furnace 
into a closed chamber between it and the brickwork 
bridge. The interior of this chamber is reached by 

a 2 
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means of a swing door, which is controlled from the 
boiler front by a chain. This chamber should be 




Fig. 14. 



cleared periodically. Figs. 14 and 15 show the stoker 
and fii'e-bar arrangement. 

Figm-e 16 is an illustration of a battery of three 
Lancashire boilers fitted with a simple forced draught 




Fig. Vj. 



plant. The fan in this case is driven by a steam 
engine. It will be seen that the main duct is fixed 
below the floor level, and from it are taken the branches 
through which the air supply to the boilers is forced. 
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Air-valves are fixed in these branches 

be controlled by hand or 

may be arranged to close 

as the fire doors are 

opened, which has already 

been explained. In the 

illustration 

AAA are the boilers. 

B is the main duct. 

C is one of the 
branch ducts. 

D are dampers. 

E is the engine. 

F is the fan. 
A boiler furnace that 
has come very much to 
the fore of late years is 
that made by the Under- 
feed Stoker Company, 
Limited. There are 
several forms of this 
apparatus, but the prin- 
ciple employed in each 
is the same. It is a 
forced draught system. 
In the first place, the fuel 
is fed either by conveying 
machinery or by hand 
into a hopper on the 
boiler front. From here 
it is forced by mechanism 
into a trough or deep 
channel, which runs down 



and may either 
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the centre of the furnace. The grate proper commences 
at the edge of the trough, and the mechanism employed 
forces the coal over the sides of it, and floods the grate. 
Before this happens the green fuel has already been coked 
in the trough, which is practically a retort, and the volatile 
gases given off are forced to pass through the bed of 
incandescent fuel immediately above it. In this way 
smokeless combustion is ensured. 

The following description of a stoker, which the 
makers call their "Class E " design, will better enable 
the reader to understand the exact manner in which 
they work. The stoker is illustrated in Figs. 17 and 18. 
In these the fuel hopper is seen at A and the trough 
or retort at T". The mechanism is actuated by a steam 
motor C, which consists of a cylinder, and inside this a 
piston reciprocates. Tlie amount of fuel that is fed into 
the furnace is controlled by the number of strokes made 
by this piston, and can be varied between wide limits. 
To the piston rod is attached a crosshead D, which is in 
turn bolted to the sliding bottom E of the trough, and 
which extends the full length of it. The block B which 
regulates the feed of fuel on to the sliding bottom 
E is attached to it, and thus has the same motion as C 
and E. When the apparatus is started E is drawn 
back, and at the same time the block JB opens the hopper. 
The motion of the piston is then reversed, and the coal 
that has fallen on to E is pushed forward. This motion 
not only carries the fuel along, but it also forces it 
upwards, when it is first of all coked, and the volatile 
gases given off are consumed by the incandescent fuel 
above it. Then as it is forced higher it eventually spills 
over the sides of the retort and spreads across the 
fire-bars. These latter are specially designed and are 
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also arranged so that every other one is movable. This 
movement is a transverse one, and varies from J to 




1 inch, according to the size of the furnace. The 
method adopted for giving this motion to the fire-bars is 
as follows. Two longitudinal bars H are fitted in the 
furnace, one on either side of the retort. These are 
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provided with projections, which engage the cast-iron lugs 
on the under side of the movable fire-bars. The crosshead 




'■/,/./A, 



D is fitted with two nuts which each work in spirals 
fitted to the rocking bars, so that the reciprocating 
motion of the piston supplies the movement necessary 
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to twist them to and fro. The motion of the bars not 
only spreads the coked fuel over the grate, but the ash 




and clinker is discharged over the outer ends of the bars, 
when it falls upon the plates K. These plates are 
hinged, and from time to time, as the ash, etc., 
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accumulates, they may be cleared by giving the hinge- 
bar L a twist, and so dumping the ashes into the ash-pit 
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below. These hinge-bars are extended through the 
front of the furnace, and are provided with handles 
expressly for this purpose. A detail to be noted in this 
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stoker is the system of air distribution. Air from a 
fan is delivered under pressure through the duct N into 
the wind-box Q, and the aperture through which it 
enters is controlled by a flat valve 0, which is adjusted 
by means of a screw and crank handle P. The air, after 
entering, passes up both sides of the retort, and some 
proceeds through the apertures R. while the remainder 
goes along the passage in the bars, where it finds an 
exit at S. While passing through these, it will attain a 
temperature of about 300° to 400° F., and at the same 
time this air will prevent the bars from becoming 
overheated. After leaving the bars through the 
apertures S, it is forced into the chambers T, from 
whence it proceeds through the spaces between the 
fire-bars into the fuel. An illustration of the fire-bars 
employed is given in Fig. 19, where ^ is a movable 
bar and B a fixed one. The moving bar is easily 
recognised by the lugs cast upon the under side. 
By using this furnace very fine slack can be efficiently 
burned. 

A simple arrangement for an induced draught plant 
is seen in Fig. 20, which is a plan of a very successful 
installation in existence at the present time. This plant 
consists of seven Lancashire boilers in one house. 

A is the main flue. 

B ,, an economiser. 

C ,, a flue for gases after leaving B. 

D ,, the flue into chimney. 

E „ an induced draught fan and engine. 

F „ fan inlet. 

G „ „ outlet. 

Hi Hi Hs Hi are dampers. 

J . is the chimney. 
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From the arrangement depicted in this figure, it will 
be noticed that, by means of the dampers provided, 
the flue gases may be constrained to flow in three 
different directions. For ordinary working conditions 
dampers Hi and H^ will be open, while 2?3 and H^ will 
be closed. With this arrangement of dampers the 
gases will first proceed through the economiser, then 
along C to the fan inlet F, and will pass thence into 
the chimney. Should it be necessary for the economiser 
to be laid off for cleaning or repairs, the dampers Hi 
and Hi can be closed and Hi opened. The products of 
combustion will then go directly to the fan inlet, and be 
discharged into the chimney as before. If, from a like 
cause, it is necessary to lay off the fan, then by closing 
dampers H^ H^ and H4 and opening H^ the chimney is 
put into immediate communication with the boilers. It is 
necessary to design the flues to be able to make these 
alterations to the course of the gases, so that in the 
event of any accident to the plant it is possible to avoid 
a complete stoppage of the works. In the figure the 
fan is driven by a steam engine, but of course it may be 
belt driven, or coupled to an electric motor. The writer 
prefers the first method, as it appears to be the most 
economical, especially if the exhaust steam from the 
engine is used for first stage heating of the feed water 
before it enters the economiser. Furthermore, it the 
plant is driven by an electric motor, the current for 
which is taken from an outside source, it is possible to put 
the full force of the draught on the boilers at any time. 
There is considerable danger in this, for after a works 
has been shut down for a time, say at an annual holiday 
or other similar occasion, the boilers will be cold, and 
steam should be raised very gently, especially in the 
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case of Lancashire or Cornish boilers. Under these 
circumstances, the fires should be only subjected to the 
draught 'of the chimney, and even if this is too fierce 
it should be adequately controlled by dampers. With 
an electrically-driven induced draught fan there would 
be a temptation to unduly force the fires, with the 
inevitable result that bad straining of the boilers would 
take place. If a steam-driven plant is employed, 
obviously it could not be started until the boilers had 
been at work for some little time, and there was a certain 
amount of pressure in them. 

The class of engine most suitable for driving 
mechanical draught plant is worth while considering. 
There are three types from which to make a selection, 
namely, the ordinary open type qi^ick-running engine, 
the single-acting high-speed engine, and the double- 
acting high-speed engine. Where cost of plant is of 
primary importance the first type named will usually be 
found to be the least expensive, although not always so, 
as they usually run at a slower speed than the other 
types, and consequently the size of the fan is increased, 
which adds to its cost, so that the combined plant may 
not offer so great an advantage in price as might be 
expected. Usually the fan will be placed in the boiler- 
house, which militates against this type of engine, as 
the dirt and dust, from which it is impossible to keep a 
boiler-house free, will settle on the engine and gradually 
work its way into the bearings, causing trouble from 
heated journals. 

In the writer's opinion, the second type mentioned, 
that is the single-acting engine, has advantages for 
this class of work not possessed by either of its rivals. 
With the double-acting type, it shares the advantage 
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that it is totally enclosed, and therefore proof against 
troubles that might be caused by dust and dirt. The 
lubrication is carried out on the splash system, that is, 
the working parts, which are enclosed in a cast-iron 
case, run into a bath composed of oil and water. By 
this means all the bearings are flooded with oil 
automatically, which does away with any mechanical 
complications, such as pipe connections and feeding 
boxes, necessary for the lubrication of the other types. 
If properly designed, these engines will run noiselessly 
for years, without any attention being paid to the 
brasses, because, even when these wear considerably, 
the engine will still continue to run silently. These 
engines, being single acting, naturally require double 
the cylinder area that is necessary in the case of the 
other types, and in the larger sizes this considerably 
adds to the first cost, but the possible increased economy 
fully justifies the higher price. 

The third type has come very much to the fore of 
late years, and may be run at considerably higher 
speeds than either of the other two. The motion work 
is entirely encased, as in the single-acting engine. The 
lubrication is carried out by means of an oil force pump, 
from which pipes are carried to each of the engine 
bearings, and along which oil is delivered under a 
pressure of about 15 to 20 lbs. per square inch. 
These engines will run for long periods without atten- 
tion, beyond changing the oil strainer and keeping the 
oil up to its correct level, which, being under pressure, 
not only efficiently lubricates the journals, but also acts 
as a cushion, and keeps the engine quiet. Fig. 21 is 
an outline drawing of a fan for induced draught, coupled 
directly to a double-acting engine. There are several 
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points worth noting. In the first place, the bearing 
nearest to the fan is water jacketed, which is done in 
order to prevent the heat from the gases raising the 
temperature of the bearing, and causing the brass to 
seize on its journal. Another good feature about this 
plant should be noted, namely that the engine is 
separated from the fan by a short length of shafting. 




Fig. 21. 



which is done to prevent the heat working along by 
conduction to the crankshaft and heating up that portion 
which works in the engine bearing, where it would be 
likely to cause trouble. A further matter that should 
be given careful attention is to see that the casing is 
adequately stayed and strengthened with angle irons 
wherever necessary. This is an essential point, because 
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the heat from the gases tends to distort the casing, and 
causes the fan to scrape against it if it is not properly 
strengthened. Such details as these are worth con- 
sideration, as they enable the plant to work for long 
periods with minimum of risk of breakdown. Sometimes 
it is more convenient to drive the fan by an electric 
motor. The best plan is to arrange for this to be 
coupled direct to the fan, in the same manner as the 
engine already described. It is not so satisfactory to 
have the fan driven by belt from the motor. In the 
first place, there is the loss in the belt drive, which may 
be anything from 7 to 9 per cent, of the power required 
to drive the fan, and which entails a constant loss as 
long as the plant is in existence. Then there is the 
probability of belt troubles, and perhaps delay from 
this cause which may be very serious. Against this is 
to be set off the gain in the first cost of the motor, 
which, on account of its higher speed, will be smaller, 
and consequently less expensive. 

The Ellis & Eaves system of induced draught pro- 
vides a means for heating the air on its way to the 
furnaces. The gases, on leaving the boiler, pass through 
an air heating box and from thence to the fan, which 
discharges them directly into the chimney. The air 
heating apparatus is comprised of a lot of tubes placed in 
large boxes. The hot gases from the boilers enter these 
boxes and circulate round the tubes, while the fresh air 
on its way to the boiler goes through the interior of 
them. By this arrangement the gases give up some of 
their heat to the air required for combustion, which in 
some cases is raised in temperature '2.50'^ F., or more. 
The passage of the air through the boilers is easily 
followed. First, the cold air enters the heating boxes, 
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where it is raised in temperature as explained, and is 
then conveyed through suitable duets to the boiler fronts, 
where it enters the furnaces, the fan providing the 
necessary draught. Afterwards the gases are drawn 
along by it through the heater, and discharged into the 
chimney. 

It has already been mentioned that a danger attending 
the use of forced draught is the possibility that the 
flames may blow back and seriously injure afireman. There 
is no danger of this kind attached to induced draught 
in any form, but it has the disadvantage that the 
moment the furnace door is opened a large volume of 
cold air rushes into it. This causes a sudden cooling 
of the boiler plates, which is injurious. 

Messrs. Davy Brothers, of Sheffield, have patented 
a modification of the Ellis & Eaves system, in which 
the air pressure in the furnaces is maintained at zero, 
so that there is no tendency either for the flames to 
blow back, or for excessive entry of cold air into the 
furnace. The name given to this system is that of 
Balanced Draught, and it consists of two fans, an air 
heating box or economiser and the necessary ducts. 
One fan is for forced draught, and provides a sufficient 
air pressure to force the air through the heat econo- 
miser into the furnaces and through the fires. At 
this point the larger or induced draught fan comes 
into action, and draws away the gases from the boiler 
through the heater, whence they pass into the chimney. 
By a proper adjustment of the two fans a condition 
can be arrived at in which there is actually neither 
outrush of gases or inrush of cold air when the furnace 
doors are opened. 

Fig. 22 illustrates the system of balanced draught 

B.D. H 
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attached to a Babeock & Wilcox boiler. The air heater 
or heat eoonomiser is seen behind the back wall of the 
boiler setting, in the left-hand view. The right-hand 
view clearly shows the two fans, the smaller of which 
deals with the cold air, while the larger one controls 
the hot gases. 
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CHAPTER X 

THE APPLICATION OF MECHANICAL DEAUGHT IN 
JIAKINE PEACriCE 

The matter contained in the foregoing chapters relating 
to the combustion of fuel, and methods of producing the 
necessary draught for it, has been considered from the 
standpoint of land installations. 

Perhaps it would not be out of place to devote a few 
lines now to mechanical draught apparatus on board 
ship. 

The calculations referring to land installations are 
equally applicable to marine work. A very simple method 
of arranging forced draught for a battery of marine boilers 
is the ideinnn system. In this, the boiler room is entu'ely 
closed, the air therein being maintained, by means of an 
open running fan, at a higher pressure than the atmo- 
sphere, usually about 2 inches. The fan is placed on one 
side of the bulkhead and the engine on the other, by 
which arrangement the fan draws its air from the 
atmosphere and discharges it from its periphery into 
the boiler-room. This arrangement is seen in Fig. 23, 
which is a drawing illustrating a single-acting engine 
coupled up to a fan of this type. It will be noted that 
the latter has no casing, consequently the mechanical 
efBciency of this design is not very high. When owners 
are willing to go to the expense, it is better to employ a 
steel-cased fan, either placed entirely outside the stoke- 
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liold and discharging into it through a duct, or else to 
have the easing bolted directly against the bulkhead, the 
relative position of the fan and engine being exactly 




similar to that shown in Fig. 2'd. If this is done, the 
fan should be designed to discharge downwards. 

Messrs. Davy Brothers' system of balanced draught, 
described on a previous page, can also be applied to a 
marine boiler with equal success. An instance of this 
is seen in Fig. 24. 
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Tlie principle is exactly the same as that employetl in 
the case of a land installation, but of course it necessitates 




Fig. 21. 



certain structural modifications to fit the different types 
of boilers used. 

The Howden system of forced draught, already cursorily 
mentioned, is a great favourite with marine engineers. 
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In this type the ash-pits are closed, and in the uptake 
from each boiler, immediately above the outlet of the 
boiler tubes, that is, where they discharge the hot gases 
into the uptake, a group of air-healing tubes, arranged 
in a vertical position, is fixed. Through these tubes the 
hot gases pass, and the air for combustion, which is 
supplied under pressure by means of a fan, is forced 
amongst these tubes, and, being in contact with the 
outer surface of them, becomes heated before passing 
to the boiler furnace. The latter is fitted with a special 
door and door frame, so arranged that the hot air can 
be regulated both above and below the fires. 

Some further remarks about this most successful 
system may be interesting. Many attempts to estab- 
lish the use of forced combustion in boilers had been 
made before the Howden system was invented, in the 
United Kingdom, Holland, and America, but principally 
in the last named place. There the system of forcing 
air directly into closed ash-pits, also of exhausting the 
gases by means of a fan at the base of the funnel (induced 
draught), and by the use of compressed air in air-tight 
stokeholds, had been employed, but no very successful 
scheme was devised and eventually most were given up. 
This happened between 1830 and 1870. The introduc- 
tion of the Howden system dates from 1884. From the 
first application of this it has been a remarkable and 
continuous success. Several thousands of installations 
have been fitted, and, as already mentioned, they are 
principally to be found in steamers, but there are a con- 
siderable number of installations also on land boilers. 
The makers claim that at least 30 per cent, greater 
steaming power may be expected, and that the economy 
is increased (that is, the steam evaporated per lb. of 
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coal) from 10 per cent, to 15 per cent. Amongst the 
other advantages claimed for this system is that the 
boilers do not deteriorate to the same extent as with 
natural draught. This is accounted for by the more 
uniform temperature maintained in the furnaces, and 
partly by the fact that no cold air can ever enter the 
furnace during the working period, so that the straining 
occasioned when cold air enters a boiler furnace while 
the fireman is stoking is obviated in this system. The 
method by which the entrance of cold air is prevented 
is as follows : When the furnace doors are opened the 
air pressure in the ash-pit immediately ceases, and only 
the hot air from the upper air supply passes into the 
furnaces, first in a direction vertically downwards, 
thereby forming a hot screen over the furnace mouth 
and preventing access of cold air. 



CHAPTEE XI 

THE CHEMISTRY OF COMBUSTION 

Although combustion has a wider significance, ifc 
means, in relation to the subject matter of this work, the 
burning of some carbonaceous fuel, so that the carbon 
contained therein will be combined with oxygen, with 
the result that heat will be generated and eventually 
used for raising steam. The principal fuels employed 
for the purpose are coal, coke, lignite, petroleum oil, 
wood, straw, and wood waste from sawmills. The 
percentage of pure carbon in these fuels varies greatly. 
Good Welsh anthracite contains the greatest percentage 
of carbon in any coal yet discovered, and is about 
93 per cent. The following table gives the approximate 
amount of carbon in various fuels. 



Table IX. 
Percentage of Carbon in Different Fuels. 



Fuel. 


Carbon. 


Welsh anthracite . 


93% 


Semi-bituminous 




82 to 88 °/o 


Bituminous . 




65 to 80 °/o 


Lignite . 




50 to 70 % 


Petroleum 




85% 


Coke . 




92 to 95 % 


Wood . 




50% 


Wood refuse . 




50% 


Straw . 




36% 
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The oxygen required for combustion is obtained from 
the atmosphere, which, as already mentioned, con- 
sists of 21 parts of oxygen to 79 parts of nitrogen 
by volume. Nitrogen is quite useless for the purposes 
of combustion, the oxygen therefore being the only 
constituent which need be taken into account. It 
is a colourless, odourless and tasteless gas, with a 
density slightly greater than air, namely about 1*1 limes 
heavier than the latter. Before going further, it will be 
useful to consider the atomic theory of chemistry, in 
order to appreciate the subject matter of this chapter. 
It is known that combinations of any of the elements, 
in certain fixed proportions, have always the same 
result. An instance will perhaps make this clear. The 
first example that comes to mind, and at the same time 
perhaps the simplest, is seen in the composilion of water. 
This consists, as is generally known, of the chemical 
combination of hydrogen and oxygen, in the proportions 
of two parts hj volume of hydrogen, to one part by volume 
of oxygen. The chemical symbol of this is 

The combination of these two elements in this definite 
proportion alone will form water. Thus, if a vessel were 
filled with three parts of hydrogen and one of oxygen, 
it would be found that the mixture would burn, and on 
examining the results of the combustion it would be 
found that one part of hydrogen remained, and that only 
two parts exactly had combined with the oxygen to form 
water. These proportions remain the same, for the 
most minute as well as for the largest volumes. The 
particle of the smallest dimensions used in chemistry 
is known as an atom, and the result of combining these 
atoms to form a new substance is designated a molecule. 
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Thus, considering the above example, if two atoms of 
hydrogen had been combined with one atom of oxygen, 
the result would have been one molecule of water. 

The lightest gas known is hydrogen, and this is taken 
as unity in order to compare its atomic weight with that 
of other substances, and also to be able to compare 
these latter together. The atomic or combining weights 
of the principal elements found in fuel are given in 
Table X. 

Table X. 

Combining Weights of Elements in Fuel. 



Name. 


Combining 
Weight. 


Symbol. 


Hydrogen . 


1 


H 


Oxygen 


16 





Nitrogen 


14 


N 


Carbon 


12 


C 


Sulphur 


32 


S 



These weights are invaluable to a chemist, for by means 
of them he is able exactly to determine the amount of 
the various materials that he requires to form any new 
substance. From the above table it is seen that oxygen 
is sixteen tunes heavier than hydrogen, so that the 
proportions by weight of these elements to form 
water is 

2 X 1 to 16 
i.e. 1 to 8 

or, the weight of oxygen necessary is eight times that 
of hydrogen. 

The chemical combinations most intimately connected 
with the boiler-house are those in which carbon, oxygen, 
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and hydrogen are found. By the union of the last two 
water is obtained, as already pointed out. The carbon 
and oxygen combine in two different proportions to form 
carbon monoxide or carbonic oxide, a most actively 
poisonous gas, and- carbon dioxide. The latter is not 
poisonous, but it is quite useless for supporting life, and 
would cause death by suffocation. The symbol for the 
former gas is C 0, and for the latter C O2. From the first 
symbol we observe that carbon monoxide is evolved by 
the combination of equal volumes of carbon and oxygen, 
thus carbon monoxide = C -\- 0. 

It has been seen that their combining weights are 12 
and 16 respectivelj', therefore we have carbon monoxide 
= C + = 12 + 16 = 28. 

In boiler furnaces the highest efficiency is aimed at, 
and in order to get this the carbon must be combined 
with sufficient oxygen to form C O2, because this com- 
bination gives off 14,500 B. Th. U, whereas the former 
only gives off 4,400 B. Th. U. Now to form carbon 
dioxide twice the amount of oxygen is necessary as was 
required to form carbon monoxide, so that the total 
weight of the combination is carbon dioxide = C + 20 
= 12 + (2 X 16) = 44. This signifies complete com- 
bustion, because carbon will not combine with more than 
two parts of oxygen. 

From the foregoing lines it will be seen that it is a 
comparatively simple matter to calculate the amount 
of oxygen required per lb. of carbon consumed, and 
from this the theoretical amount of air necessary. 
It has just been shown tbat carbon dioxide always 
contains 

Carbon 12 parts, 
and Oxygen 2 X 16 = 32 parts. 
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therefore the weight of oxygen required to form C O2 in 
combination with 1 lb. of carbon is 

= 1 X ^ 

= 2f lbs. 
The weight of air that is necessary to supply this 
oxygen, on the assumption that the atmosphere is com- 
posed of 21 parts of oxygen to 79 of nitrogen by volume, 
can be found as follows : — 

It is seen from Table X. that the combining weights of 
these two elements are respectively 16 and 14, therefore 
it follows that the proportion.by wrujht of these elements 
in the atmosphere is 

Oxygen = 23 parts 
Nitrogen =77 „ 
in round numbers, therefore the air required will be 
composed as follows : — 

Oxygen = 2-667 lbs. 
Nitrogen = 8-928 „ 

Total — 11-595 „ 
say, for convenience, 11*6 lbs. 

It is impossible to give the actual sequence of the 
conditions that obtain in a boiler furnace, because so 
much depends upon the air supply, the thickness of the 
fires, and the manner in which the air supply is adjusted. 
After a new lot of coal is spread upon the incandescent 
fuel already on the grate the heat from this drives off 
the combined constituents of hydrogen and carbon, known 
as hydrocarbons, and of which the chief are Marsh gas or 
Methane, and Ethylene, known as olefiant gas. These 
are denoted by the symbols C Hi and dHi respectively. 
Ignition of these takes place at a low temperature, and 
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the heat generated helps to bring up the body of fuel to 
incandescence again. When this condition exists, the 
hydrocarbons will have been completely driven off, and 
the residue will be fixed carbon and ash. In order to 
assist the combustion of the hydrocarbons a certain 
amount of air will be necessary, which is usually supplied 
by adjusting the louvres fixed upon the furnace doors. 
This furnishes the requisite oxygen, which combines with 
the volatile constituents of the fuel to form water with 
the hydrogen, and C O2 with the carbon. This air is also 
necessary for another reason, as it is quite likely that the 
gases, on leaving the bed of fuel, contain a fair proportion 
of C 0, which needs a certain amount of oxygen to con- 
vert it into C O2. Too much air admitted to the fires will 
cool the gases, and, in the early stages of combustion, 
will produce smoke, but too little air will also conduce to 
the emission of smoke. "When thick fires are used more 
air is necessary above the fuel than with thin ones, but 
at the same time the total air required for combustion 
will be less. 

Carbon greedily combines with oxygen, and if there is 
a sufficient supply of the latter it will form C O2, but if 
there is not the necessary oxygen then the C O^ will take 
up another atom of carbon, and carbon monoxide will be 
formed. By means of the usual symbols, chemists show 
this change thus — 

C O2 + C = 2 C 0, 
from which it is seen that one part each by volume of 
C O2 and C form two parts of C 0. This is easily proved 
as follows. It has been shown that the combining weight 
of C Oi is 44, while that of C is 12, therefore we have 
44 + 12 = 2 (12 + 16), 
56 = 2 X 28 = 56, 
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Now C can be ignited without any difficulty, but it 
requires oxygen to assist its combustion. During the 
process each molecule of C will take up another atom 
of oxygen, and, combining with it, will again form C O2 
thus 

CO+0 = C 0-2. 

It is probable that these alterations between C and 
C O'i take place many times in succession during the 
passage of the gases through the bed of fuel in the furnace, 
but the final conversion will be to C O2 where the 
combustion is complete. The actual combustion of a 
lb. of coal is a much more complex process than that 
of a lb. of pure carbon, on account of the various 
constituents that are found in its composition. The 
most important of these are hydrogen and carbon, 
but also nitrogen, sulphur, oxygen, ash, and moisture are 
to be found. Complete combustion will result in the 
union of the carbon with oxygen to form carbon dioxide, 
then the hydrogen and oxygen in the fuel will combine 
to form water, which will pass off in the form of highly 
gaseous or superheated steam. The remaining hydrogen 
will combine with external oxygen, and will give off heat 
during the process. If there is sulphur in the fuel, 
sulphurous and sulj^huric acids, S O2 and H^ S O4 respec- 
tively, will be formed. These acids have a very deleterious 
effect upon steel and iron, causing excessive corrosion. 
They sometimes become deposited by condensation upon 
the tubes of an economiser, or upon the blades of an 
induced draught fan, causing rapid deterioration. For 
this reason it is inadvisable to use any forced draught 
apparatus in which steam jets are employed if the 
percentage of sulphur in the fuel is large. The moisture 
supplied by the jets assists in forming these acids. 
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Table XI. gives the analysis of a sample of bituminous 
fuel. 

Table XI. 



Constituents. 


Percentage. 


H . 


5-4 


. . . 


8-1 


C . . . 


80-3 


N . 


2-1 


S . . . 


1-4 


Ash 


2-7 



It will be interesting to calculate the actual amount of 
air theoretically required, for the complete combustion 
of a lb. of coal of the above composition. A portion 
of the hydrogen will combine with the oxygen in the coal, 
the amount of which can be easily determined, because it 
has been shown that the amount of oxygen necessary is 
eight times that of the hydrogen. The oxygen contained 
in the above sample is 0"081 lbs., therefore the weight of 
hydrogen that this will combine with is 

— 5— = 0101 lbs. 
o 

The amount of hydrogen that remains to be combined 

with the oxygen of the atmosphere is therefore 

0-054 - -0101 

= -0439 lbs, 

and consequently the weight of oxygen that is required to 

combine with this hydrogen is 

•0439 X 8 = 0-3512 lbs. 

The carbon is the next constituent that commands 

attention. It has already been seen that 1 lb. of this 

requires 2-667 lbs. of oxygen for complete combustion 
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into C O2. Now there is 0-803 lbs. of carbon in the 
sample, therefore the weight of oxygen necessary is 
0-803 X 2-667 
= 2-1416 lbs. 
The nitrogen undergoes no change, and the only effect 
that it has is that it tends to decrease the temperature of 
the gases by taking away some of the heat to raise its own 
temperature. It is seen that the sulphur in the sample 
amounts to 0-014 lb.. The combining weight of sulphur 
is 32, therefore, as that of oxygen is half of this, it 
follows that the actual weight of oxygen will be exactly 
the same as that of the sulphur, which is 0-014 lbs, seeing 
that two atoms of oxygen are required. It should therefore 
be noted that the total weight of oxygen required for the 
above sample of coal is 

Oxygen required by hydrogen = 0-3512 lbs. 
,, „ ,, carbon = 2-1416 ,, 

„ ,, „ sulphur = 0-014 ,, 

Total = 2-5068 „ 
The M-eight of air necessary to supply this quantity is 
therefore 

OQ 

Weight of air = 2-5068 -=- ^ 

= 10-9 lbs., 
and the volume of air that this weight represents at 
32° F. is : 

Volume of air — 10-9 -=- 0-0807 
= 135 cubic feet. 
It was pointed out in a former chapter that the actual 
air used was always in excess of the theoretical amount 
required, and that the extra amount is known as the air 
required for dilution. This excess is often 100 per cent, 
of the theoretical amount, and sometimes even very much 

B.D. I 
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more. It follows, therefore, that in actual practice great 
accuracy in the above calculations is not essential, but it 
is a useful guide in settling upon the size of a draught 
plant, where fuels of widely-varying constituents have to 
be dealt with. 

The amount of air actually used per lb. of fuel 
burnt can, of course, be measured, if suitable arrange- 
ments are made. It is, however, often inconvenient to 
do this, and to get over the difficulty a chemical analysis 
of the gases may be resorted to ; in fact, many prefer this 
method to that of actual air measurement. It is a simple 
matter to obtain the percentage of C 0, G O2, and in 
any sample of gas by using an apparatus designed by 
Orsat and named after him. A full description of this 
appliance, and the method of using it, will be given sub- 
sequently. When the percentage of the three gases 
named above has been determined, the remaining gas 
nitrogen can be calculated thus 

N = 100- (C O2 + CO + 0). 

A sample of furnace gases was taken by the writer, 
when making a test on a waier-tube boiler, some time ago. 
The analysis showed that this sample was composed of 
(7 02 = 10-79 per cent. 
C = 0-8 
O = 7-71 „ 
therefore the nitrogen by deduction was 

A^ = 100 - (10-79 + 0-8 -f 7-71) 
= 80"7 per cent. 

It has been seen that the atomic weight of C O2 is 
12 + (2 X 16) =■ 44, therefore it is obvious that the 
proportion of carbon in a volume of G 0-2 is 

Carbon = --=—- 
44 11 
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while similarly that of oxygen is 

,, 2 X 16 32 8 

Oxygen = -^^ = 44 = Tr 

As the atomic weight of C is 28, the proportion of 
carbon in this gas is 

12 3 



and of oxygen 



Carbon = ^ = - 



n 16 4 

Oxygen = 2g=^. 



For convenience in working it is assumed that a 
volume of 100 cubic feet of this sample of gas is under 
consideration, and so there will be 

10' 79 cubic feet of C O2 

0-8" „ ., CO 

7-71 „ „ 

80-7 „ „ N 

It will now be necessary to convert these volumes into 

weights, and to enable this to be accomplished the specific 

density will be required, which may be found in the 

following table : — 

Table XII. 



Name of Gas. 


Density. 


Cubic Feet 
per lb. 


Specific Heat 

at Constant 

Pressure. 


Air ... 

Carbon monoxide . 

Carbon dioxide 

Hydrogen 

Oxygen . 

Nitrogen 

Light hydrocarbons 


0-0807 
0-0781 
0-1234 
0-0056 
0-0893 
0-0784 
0-0806 


12-38 
12-8 
8-1 
178-8 
11-2 
12-72 
12-41 


0-238 
0-248 
0-216 
3-405 
0-218 
0-244 
0-693 



J 2 
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Now multiply each volume by its corresponding specific 
density, and this will give the actual weight of each gas 
ill the sample. It will then be found that the 

C O2 weighs 10-79 X 0-1234 = 1-33148 lbs. 
C „ 0-8 X 0-0781 — 0-06248 „ 

„ 7.71 X 0-0893 — 0-6885 „ 

lY „ 80-7 X 0-0784 = 6-32688 „ 
The proportions of oxygen and carbon that exist in 
these gases have already been investigated. It will now 
be necessary to determine the total weight of oxygen 
required to produce this sample, and it is found to be 

Oxygen in C O3 = 1-83148 X ^ = -96834 lb. 

C = -06248 X Y = -0357 „ 
Uncombined . . . = -6885 „ 



Total oxygen = 1-69254 lbs. 

In a similar manner the weight of carbon may be 
obtained thus — 

Carbon in C O2 = 1-33148 X ^ = -36314 lb. 
= -06284 X ~ = -02693 „ 



Total carbon = -39007 lb. 
As there is 0-23 lb. of oxygen in a lb. of air, 
the weight of air necessary to supply this quantity of 
oxygen is : 

Weight of air = 1-69254 -=- 0-23 
= 7-36 lbs. 
The total carbon consumed was 0-39007 lb., and the 
weight of air necessary to supply sufficient oxygen to 
produce this sample of gas is seen to be 7-36 lbs., there- 
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fore the air required for 1 lb. of carbon under similar 
conditions is : 

"Weight of air per lb. of carbon = „ 

= 18-87 lbs. 

The above gives the amount of air required for pure 
carbon. If the coal used in this test had contained 
88 per cent, of carbon, then the amount of air necessary 
per lb. of fuel would be— 

Weight of air = 18-87 X -88 
= 16-605 lbs. 

There would be some additional air required for 
combination with the hydrogen given off, because there 
was not sufficient oxygen in the fuel to render it inert. 

The air theoretically required per lb. of coal used on 
this test was 11-88 lbs., so that the amount required for 
dilution, neglecting the weight necessary for combina- 
tion with the surplus hydrogen in the fuel, was : 
Air for dilution = 16-605 - 11-88 
= 4-725 
that is 28-6 per cent, of the total air used. 

Although coal is made up of the various constituents 
already named, yet different classes of it contain these in 
varying proportions. Knowing the latter, it is possible 
to calculate the heating or calorific value of any particular 
fuel. This heating value is given in British thermal 
units. As the density of water varies for different 
temperatures, the amount of heat that will raise 1 lb. 
one degree will vary, therefore it is necessary to fix a 
particular temperature, which is 62° F. 

As already stated, when 1 lb. of carbon is com- 
pletely burned to form C O2, then 14,500 British thermal 
units are emitted, and if only one atom of is taken up 
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by the carbon then C results, and only 4,400 units of 
heat are given off. Again, if 1 lb. of hydrogen is burned 
with 8 lbs. of oxygen the result will be 9 lbs. of water, 
and the heat available amounts in this case to 62,100 
units. One of the hydrocarbons given off when coal is 
burned is methane (C Hi^, usually termed marsh gas. 
Knowing the heat values of carbon and hydrogen when 
burned in air, it is quite easy to calculate the heat value of 
1 lb. of gases compounded of these two elements. Suppose 
1 lb. of C Hi is taken as an example. Here there are 12 
parts by weight of carbon and (1 X 4) = 4 of hydrogen, 
and therefore the proportion of carbon present by weight is 

_ 12 _ 12 _ 3 
12 + 4~16~4 
while the hydrogen is 

_ 4 _ 4 _ 1 
^^ ~ 12 + 4 ~ 16 ~ 4 
so that the heat units given out when 1 lb. of this gas is 

burned will he 

g 

Heat units from carbon — 14,500 X t — 10,875 

4 

hydrogen = 62,100 X ^ = 15,526 



Total heat units emitted = 26,400 
Taking the same example of fuel that was made use of 
for an example when it was shown how to calculate the 
theoretical amount of air required, it will be interesting 
to find out what the calorific value of it is. Seeing that 
the carbon contained is 0"803 lb., the heat liberated on 
the complete combustion to C Oi will be : 
Heat units = 14,500 X C 

= 14,500 X -803 
= 11,643 B. Th. U. 
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A lb. of this coal contains 0'054 lb. of hydrogen 
and 0'081 lbs. of oxygen. Now it has been shown that 
the oxygen renders inert one-eighth of its weight of 
hydrogen, therefore only the balance of the hydrogen 
will be available as a source of calorific power. It is 
usually supposed that the combination of the oxygen in 
the fuel with the hydrogen obtained from the same 
source does not contribute to its calorific value, which 
may be true, therefore the calorific value of the hydrogen 
that remains after the" oxygen in the fuel is used up in 
British thermal units is 



Heat units = 62,100 (h--^ 



which in the example under consideration works out to 

Heat units = 62,100 ( -054 - ^] 

= 2,726. 
so that the total heating value of this example is : 
Heat emitted by the combustion of carbon = 11,643 

hydrogen = 2,726 

Total calorific value = 14,369 
The two separate calculations given above can be 
combined, which, when expressed as a formula, become 

Calorific value = 14,500 C + 62,100 [h - ^ 

The heat units developed when 1 lb. of hydrogen 
.combines with oxygen are 4-28 times more than when 
carbon and oxygen combine. This formula can therefore 
be written 

Calorific value = 14,500 { C + 4-28 ( H - g ) j-, 

which is the form most commonly seen in text-books on 
the subject. Another useful figure that can be obtained 
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from the calorific value of fuel is known as the evapora- 
tive power. It is a number which signifies the lbs. 
of water that can theoretically be evaporated from and at 
212° F. by the heat units in the fuel. ]S^ow it requires 
966 heat units to evaporate 1 lb. of water under these 
conditions, therefore the evaporative jDOwer is the heat 
units in the coal divided by this number, and is expressed 
thus — 



16ic + 4-2K(ff-0)| 



where E is the evaporative power. 

A form of calorimeter often used for determining the 
calorific value of fuels is that known as the Lewis 
Thompson calorimeter. It consists of a glass vessel, 
specially graduated, a copper furnace to hold the fuel, 
and a copper combustion chamber fitted with a tap, also 
a metal base for this chamber, fitted with a clutch spring. 
A thermometer must be provided capable of registering 
temperatures to one-tenth of a Fahrenheit degree. In 
Fig. 25 a diagrammatic sketch of the apparatus will be 
found, in which 

A is the glass vessel, 

B is the copper combustion chamber. 

C is the metal base. 

D is the cofjper furnace. 

The last-named has been shown in the figure dotted, 
because, when the apparatus is at work, this is contained 
inside the combustion chamber, and so is invisible. The 
following lines describe the method of using the 
apparatus : — 

A quantity of fuel is first carefully ground to very fine 
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powder, and 2 grammes are taken for the purpose of the 
test. To supply the oxygen necessary for combustion a 
mixture consisting of three parts of chlorate of potash 
and one part of nitrate of potash is required. The 2 
grammes of fuel must be mixed thoroughly with about 
twelve times this weight of the mixture, and the whole 
placed in the copper furnace. It must 
then be firmly pressed with a rammer 
provided for the purpose. The furnace 
ought next to be placed in the recess in 
the base, and a small piece of fuse placed 
on the mixture. The next thing is to 
fill the glass vessel with sufficient water, 
until it rises to a mark engraved upon 
it. The temperature of this water must 
now be very carefully taken with the 
finely graduated thermometer already 
mentioned. The fuse should now be 
lighted, and the combustion chamber, 
with the cock closed, placed over the 
furnace and pressed firmly down until 
the clutch spring holds it securely in 
position. Then the whole should imme- 
diately be submerged in the water con- 
tained in the glass vessel. This operation 
must be performed as quickly as possible, or the experi- 
ment will be useless, as much of the heat given off 
by the fuel will be dissipated in the atmosphere. As 
soon as the combustion ceases the cock on the com- 
bustion chamber should be opened, to allow the water 
to rise into it, so that the inside and outside are at 
the same temperature. Then the thermometer must 
be placed in the water, and the rise of temperature 




Fig. 2.-,. 



122 



BOILER DRAUGHT 



noted very carefully. To the rise of temperature regis- 
tered 10 per cent, must be added to make up for the heat 
lost in the apparatus itself. As the weight of water and 
rise of temperature are known, it is easy to calculate the 
thermal units given off by the combustion of 2 grammes 
of fuel, and it is just a question of simple proportion to 
arrive at the units of heat contained in 1 lb. of similar coal. 
The following table gives the average percentage of the 
principal constituents in various classes of fuel, together 
with the calorific value and evaporative power. 





Table 


XIII. 








Class of Fuel. 


! '^■■ 


H. 


0. 


E. 


B.Th.V. 


Charcoal . 


•93 








14^0 


13,500 


Coke, good 


•94 





— 


14-0 


13,620 


medium . 


•88 





— 


13-2 


12,760 


,, bad . 


•82 







12^3 


11,890 


Coal, anthracite 


•915 


•035 


•026 


15-75 


15,225 


„ dry bituminous 


: ^9 


•04 


•02 


15-9 


15,370 


5) J» 


■77 


•05 


•06 


14-25 


13,775 


caking 


•88 


•052 


•054 


16-0 


15,587 


)» ?» 


'•81 


•052 


•04 


15-15 


14,645 


„ cannel 


•84 


•056 


•08 


15-6 


15,080 


., dry long flame 


: •?? 


•052 


•15 


1 13-65 


13,195 


„ lignite 


■7 


•051 


"2 


; 12-15 


11,745 


Peat, kiln dried . 


, •e 


■07 


•3 


11-12 


10,716 


., air „ . 


! ^46 


•05 


■24 


! 8-185 


7,911 


Wood, kiln „ . 


■5 


•06 


■42 


' 10-09 


7,715 


„ ak „ . 


•4 


•05 


•33 


6-58 


3,5-22 


Mineral oil 


•85 


•15 





•22-5 


21,634 



The properties and characteristics of these different 
fuels are worthy of notice. The first on the list is 



THE CHEMISTEY OF COMBUSTION 123 

charcoal, its composition being of pure carbon and ash. 
It does not contain any hydrogen or oxygen, and its 
employment is confined to special processes, being too 
expensive for general use. When burned it gives off 
intense heat if supplied with sufScient air, and does not 
flame, but gradually becomes incandescent. Coke is 
made from special classes of coal, those brands only being 
suitable which cake easily. It is the residue left after all 
the hydrocarbons in the coal have been driven off, which 
is done by placing the coal in a retort or coke oven and 
applying heat thereto. The most familiar sources from 
which coke is obtained are the various gas-works, although 
the best is produced in properly constructed ovens. At 
collieries that produce a suitable class of coal for the 
purpose, the making of coke is often an important part 
of the business. During the process of manufacture, the 
gases that are distilled are passed through specially 
designed recovery plant, where sulphate of ammonia and 
benzine C^ H^ are obtained. The gas that remains, being 
inflammable, may then be conducted to gas engines, where 
it is employed to develop power. Only the smaller coals 
are generally used in the ovens, the process of distillation 
forming the loose slack into a solid lump, which is with- 
drawn from the ovens and broken into pieces of a 
convenient size. The weight of coke obtained from coal 
varies from about 35 or 40 per cent, to 65 or 70 per cent. 
The proportion of carbon in the finished article is from 
88 to 93 per cent. Like charcoal, it does not flame to 
any extent, but gives ofi' great heat. It is principally 
used in foundry cupolas, smelting furnaces or gas pro- 
ducers, and is not often employed in the fiurnaces of 
boilers. 

The coal which contains the least amount of impurities 
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is South Wales anthracite, the percentage of carbon being 
very high. It is a very hard coal, and often when broken 
its surface presents a highly polished appearance. It is 
very difficult to burn, and requires a strong draught to 
keep it alight. Being free from tarry matters, it burns 
without smoke and gives off practically no flame. On 
account of its freedom from impurities, it is greatly in 
demand at breweries for drying malt, and of late years 
this demand has considerably increased, owing to the 
introduction of the suction gas producer, its freedom from 
tar being specially valuable when the gas generated 
is used in internal-combustion engines. Of the dry 
bituminous fuels, the South Wales steam coal is the best 
example. This coal is mined in the same coalfield as the 
anthracite, but in the eastern end. It is a very hard 
coal, containing a high percentage of carbon, has great 
calorific value, and is used in the Navy exclusively. The 
combustion is almost smokeless, only short flames being 
produced, and it is intensely hot, but requires, like 
anthracite, efficient draught. It is quite a striking sight, 
when visiting the South Wales coalfield, to notice the 
freedom from smoke at the collieries, as rarely more than 
a very light brown vapour is emitted from the chimneys. 
The caking coals are mined in the Newcastle district, and 
are rather a troublesome fuel to bm:n satisfactorily. As 
their name implies, they have a tendency to form solid 
masses on the fire-bars, and give a lot of trouble to the 
boiler attendant. 

Cannel coal, which is found in Lanarkshire and some 
parts of Lancashire and Warwickshire, burns with a long 
flame. It contains a very much greater quantity of 
volatile hydrocarbons than the other classes, and is much 
in demand at gas-works for the production of town's gas. 
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It will now be useful to describe a practical method of 
making an analysis of the gases that are formed by the 
combustion of fuel. The more generally used type of the 
Orsat gas analysing apparatus is that known as the Orsat- 



Fio. 26A. 




Fig. 26. 

Fischer set, made by Messrs. Townson & Merser. This 
is shown in Fig. 26 and consists of the following : — 

A a wooden containing case, 

B a level bottle. 

C a water jacketed burette, 

D, E and F absorption cylinders or flasks filled with 
glass tubes, 

G, H, J and K stop-cocks, 

L connection for sample of gas. 

The burette C is calibrated for 100 cubic centimetres, 
and consists of an inner measuring tube placed inside a 
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glass cylinder. The annular space between the two is 
filled with water, in order to keep the temperature con- 
stant. The level bottle B is required to control the 
movement of the sample of gas. It should be almost 
filled with water to which has been added a considerable 
quantity of common salt. 

The absorption flasks each contain a certain number 
of glass tubes, and various solutions are poured into 
them, each solution absorbing a particular gas. Thus F 
contains a solution of caustic potash which will absorb 
C O2, while the second flask E contains an alkaline 
pyrogallate solution, and absorbs the oxj^gen. In the 
third flask is put a concentrated solution of cuprous 
chloride in hydrochloric acid, which will take up any C 
that is in the sample. 

The stop-cocks G, H, J and K are employed to control 
the distribution of the gases. 

The flasks D, E and F are all exactly similar, and a 
side view of one of them is given in Fig. 26a. It will be 
noted that there are two cylinders in reality, joined 
together at their bases, and that the one which is not 
connected to the burette is fitted with a cork, through 
which a glass tube is pushed. This latter is required to 
allow of ingress and egress of the air necessary to com- 
pensate for the varying level of the solutions when the 
instrument is being used. The quantity of solution 
placed in these flasks should be just sufficient to rather 
more than half fill them. The various connections 
throughout the apparatus are made with india-rubber 
piping, and care should be exercised to see that all these 
are in good condition and air-tight before making an 
analysis. The stop-cocks may with advantage be smeared 
with vaseline to prevent leakage. 



THE CHEMISTEY OF COMBUSTION 127 

The method of using this apparatus is explained in the 
following lines : — 

First of all the stop-cocks II, J and K should be closed, 
then G opened, and the level bottle B raised so that the 
water flows from it into C, filling the latter and also the 
various connecting tubes, until it dribbles out at L. 
When this happens, the cock G must be turned off, and 
the level bottle placed on the top of the case, in order to 
set free the operator's hands for other work. Assuming 
that the sample of gas has already been procured, the 
receptacle containing it should be fixed to L by means of 
the shortest possible piece of rubber piping. Now the 
stop-cock in the latter must be opened, and also the one 
marked G, at the same time lowering the level bottle. 
The water will then flow back into it, and the gases will 
be drawn into the apparatus. The level bottle should be 
still further lowered until the water stands at zero in the 
burette. In the figure, a glass sampling flask is shown 
connected up ready for use. It will be seen to have a 
cock at both ends, and also that the one end stands in 
a receptacle which contains water. This is necessary 
because, as the water is lowered in the burette, the gases 
would be at a lower pressure than the atmosphere, and 
so, to prevent this, water to which salt has been added is 
placed in the bowl M. This will flow into the sampling 
flask N as the gases are withdrawn. When operating 
both cocks on N should, of course, be opened. Before 
the sample enters the apparatus, the solutions in the 
absorption flasks should be drawn up by using the level 
bottle to create a slight vacuum until they stand just 
below the stop-cocks. The actual analysis is made as 
follows : — ' 

The stop'cock A' is opened, and 100 cubic centimetres 
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of the sample that is already in the apparatus is forced 
into the flask F, which is done by raising the level bottle 
B until the water rises in C to the 100 cubic centimetre 
mark. Then K is shut again, and the sample is left for 
a short time in F, just long enough for the solution to 
properly absorb the C 0^. When a sufficient time has 
been allowed for this, the level bottle should be lowered, 
and K opened. The solution will rise again in the one 
half of the absorption flask, and the level of it must be 
adjusted to the same place as it occupied before the 
sample was forced into it. On looking at the burette 
it will be seen that the water has not gone back, to zero, 
but stands some distance up the scale. The number of 
cubic centimetres occupied by the water represents the 
volume of C O2 that has been extracted from the sample. 
After this test has been completed, the sample must 
next be forced into the flask E to extract the oxygen, and 
then into D to obtain the percentage of carbon monoxide. 
When making these tests it is necessary to exercise 
care, in order to be certain that the sample inside the 
apparatus is at atmospheric pressure. To ensure this, it 
is essential that, whenever a reading is taken in C, the 
level bottle is so held as to make the level of the liquid 
in the burettes and in the bottle identical, otherwise the 
results obtained will be misleading. 

To make the foregoing quite clear, assume that a 
sample of gas has been taken, which has duly been 
drawn into the apparatus as described above. It is 
forced first into F, and on being withdrawn the water is 
found to stand at a height of 14'5 divisions in the 
burette, ^nd, as the lattei is calibrated for. 100 cubic 
centimetres, it is therefore obvious that the sample 
contains 14*5 per cent, of C O2 It is next forced into E, 
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and upon being withdrawn the water is seen to stand at 
21'3 in the burette. The percentage of oxygen in the 
sample is therefore 

Percentage of oxygen = 21'3 — 14"5 
= 6"8 per cent. 

The gas is next brought into contact with the solution 
in D, and afterwards the water in the burette reaches 
the 22nd division exactly, so that the C in the sample 
is O'Tper cent, of the volume. Consequently the remainder, 
which is practically all nitrogen, is 78 per cent, of the 
whole. It will be well to touch upon the methods 
employed to obtain the samples of gas from the flues. 
A small wrought-iron pipe should be inserted through 
the brickwork, and should be long enough to reach well 
into the stream of gases as they flow on their way to 
the chimney. The flask to contain the gases should be 
attached to the other end of this pipe where it projects 
through the outside of the brickwork of the flue. It has 
already been pointed out that these flasks are fitted with 
a stop-cock at either end, the one not attached to the 
iron pipe being connected to an aspirator. This latter 
is worked by means of a supply of water under slight 
pressure, which can be obtained from the nearest avail- 
able source. If there is no water main near at hand, a 
tin vessel capable of holding a few gallons may be 
used. This should be fixed a sufficient distance above 
the aspirator to give to the water a slight head, which 
must be not less than 4 feet. As soon as the water 
commences to fall through the aspirator, a partial 
vacuum will be created in the flask, which will cause 
the gases from the flue to flow into it. This should be 
kept in action sufficiently long to be certain that any 
air lingering in the iron pipe has been expelled and that 

]!.D. K 
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only flue gas is present, otherwise the data obtained will 
not be reliable. 

When an aspirator is not available, the writer has 
found the following method very satisfactory'. Two 
flasks and a three-way cock should be obtained, and 
fitted up as seen in Fig. 27, where 

A is the three-way cock. 

B and C are the two flasks. 

One branch of A is attached to the iron pipe, while the 
other two are each fixed to a flask. Previously to this 




Fig. 27. 



B and C should have been filled with salt and water 
(brine). After they are connected up, first of all the 
cock A should be turned on so as to allow B to 
communicate with the flue. Now both cocks fitted in B 
must be opened, when the water will run out and will be 
replaced by the flue gases, or any air that is lodged in 
the iron pipe and connections. This must be allowed to 
continue until only about 1 inch of water remains in B, 
when both the cocks will be closed. This sample is not 
for use, but it is taken in order to be assured that all 
connections are filled with undiluted flue gas. Now A 
must be adjusted so that C is in communication with 
the flues, and when this is done both cocks should be- 
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opened as before and another sample taken, which is 
the one that has to be analysed. Some people prefer to 
use a special form of air-tight bellows, instead of either 
of the above methods. These bellows are fitted with a 
stop-cock, and^ should be opened and closed several 
times, after being fixed to the iron pipe. This will expel 
any air that remains in the bellows and pipes, and will 
ensure the obtaining of a reliable sample. 

The Orsat apparatus just described is very useful for 
an occasional analysis of the gases, which alone is of 
great value, and it also has the advantage of being 
inexpensive. But it does not furnish a guide to enable 
the fireman to make such adjustments that he will 
obtain the best possible combustion under all conditions 
of draught, fuel, and load. With changing , loads or 
.varying qualities of fuel different quantities of air will 
be found necessary, and without a guide of some sort a 
■boiler attendant is at a loss to know how properly to 
regulate the air supply to his furnaces. The surest 
indication of the completeness of combustion is the 
percentage of C 0<i that the gases contain. If it were 
possible to work with the exact amount of air theoretically 
required, then, when combustion was complete, the gases 
would contain about 21 per cent, of carbon dioxide. As 
these perfect conditions are impossible in a boiler 
furnace, the percentage is always considerably less than 
this. Where the brickwork leaks badly, or the boiler 
bridges are in a dilapidated condition, in fact where any 
defect exists by which air may leak into the flues, this, 
together witli inefficient combustion, may bring down 
the percentage of carbon dioxide as low as 8 or 4 per 
cent., whereas, if everything is in first-class condition, 
it may be as high as 16 per cent. As already pointed 
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out, inefficient combustion is due either to too little, or 
to an excess of air. If there is too little, then smoke is 
produced, and C will be found in the gases. Should 
there be too much, then the temperature of the furnaces 
will be lessened. Both of these 
conditions reduce the heat given 
up by the fuel to the water. Then 
again, if a factory is in a district 
where by-laws for the restriction 
of smoke are rigidly enforced, a, 
stoker will be tempted to allow 
an excess of air over the fires, 
to save his employers being fined 
and himself getting blamed and 
perhaps dismissed. By having a 
suitable apparatus at hand, it 
is both possible to obtain more 
efficient combustion, and also to 
prevent undue emission of smoke. 
There are instruments at present 
on the market which are expressly designed to give the 
fireman this assistance, and they are known as C Oa 
recorders. 

The following description of one made by the 
Cambridge Scientific Instrument Company will give 
some idea of how this class of instrument is worked. 
An illustration of the apparatus is seen in Fig. 28, in 
which 

A is the water inlet to recorder. 

B is an aspirator. 

C is a water vessel. 

D is the- gas inlet to the recorder. 

E is an absorption box. 




Fig. 28. 
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F, O, the recording mechanism. 
^ is a gas cooler. 




eaevo smj 



L is an air-valve. 
' Ml & M2 are two gas-meters. 

Fig. 29 is a diagram of the necessary connections. 
An iron pipe is fixed in the wall of the boiler flue, in the 
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same way as described in the case of the Orsat test, which 
should be perforated as shown. Immediately above it 
is fixed a bracket upon which rests a soot filter. This 
consists of a vessel divided vertically by a thin diaphragm, 
and packed with wood shavings and wood wool, also 
another lower vessel which contains water and acts as a 
water seal. The gas from the flues enters on one side of 
the diaphragm, passes through the filtering material, and 
leaves by the pipe on the other side. The whole apparatus 
should be arranged so that there is a slight fall in the 
pipe that leads from the filter to the recorder, in the 
direction of the latter. The instrument operates in the 
following manner. The aspii-ator B is started, which 
draws gas from the filter into the apparatus through 
the gas inlet IJ. It first goes into the cooler K, which 
consists of a series of water-cooled pipes, and thence 
into the meter J/i. From here the gas flows through 
the absorption box E, which is filled with lime and 
absorbs the COi- During this process the gas becomes 
heated, and in order to reduce it to the original tempera- 
ture, it is passed through a second chamber in K. It then 
goes into meter J/2 and, as the CO2 has been extracted, 
1I/2 will register a smaller volume of gas than Mi. 
Now these meters are connected through differential 
gearing to the recording mechanism F and G, which 
will cause the pen of the recorder to rise and fall by 
an amount depending upon the CO2 in the gases. The 
recorder is fitted with a drum which carries paper, 
and upon it a chart is traced, showing the CO-2 at any 
moment of the day. After leaving J/2 the gases pass 
to the aspirator, and are discharged with the water 
into the vessel C. 
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Elementary Treatise on the Differential and Integral 

Calculus i2mo, 

Elementary Treatise on Analytic Mechanics i2mo, 

Elementary Treatise on Hydro-mechanics i2mo, 
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Bowser, E. A. A Treatise on Roofs and Bridges i2mo, *2 25 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, "4 00 

Bragg, E. M. Marine Engine Design i2mo, *2 00 

Brainard, F. R. The Sextant. (Science Series No. loi.) 

i6mo, 

Brassey's Naval Annual for igii 8vo, *6 00 

Brew, W. Three-Phase Transmission 8vo, *2 00 

Brewer, R. W. A. The Motor Car i2mo, "2 00 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series 

No. 67.) i6mo, o So 

Bright, C. The Life Story of Sir Charles Tilson Bright 8vo, *4 50 

British Standard Sections 8x15 "i 00 

Complete list of this series (45 parts) sent on application. 
Broadfoot, S. K. Motors Secondary Batteries. (Installation 

Manuals Series.) i2mo, *o 75 

Broughton, H. H. Electric Cranes and Hoists *9 00 

Brown, G. Healthy Foundations. (Science Series No. 80.) 

i6mo, o 50 

Brown, H. Irrigation '. . .8vo, *s 00 

Brown, Wm. N. The Art of Enamelling on Metal i2mo, *i 00 

Handbook on Japanning and Enamelling i2mo, "i 50 

House Decorating and Painting i2mo, *i 50 

History of Decorative Art i2mo, *i 25 

Dipping, Burnishing, Lacquering and Bronzing Brass 

Ware i2mo, ''i 00 

Workshop Wrinkles 8vo, *i 00 

Browne, R. E. Water Meters. (Science Series No. 81.). i6mo, o 50 

Bruce, E. M. Pure Food Tests i2mo, *i 25 

Bruhns, Dr. New Manual of Logarithms 8vo, half mor., 2 50 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and 

Leather Dressings. Trans, by C. Salter 8vo, '3 00 

Buel, R. H. Safety Valves. (Science Series No. 21.). . . . i6mo, o 50 
Bulmann, H. F., and Redmayne, R. S. A. Colliery Working and 

Management 8vo, 6 00 

Burgh, N. P. Modern Marine Engineering 4to, half mor., 10 00 

Burt, W. A. Key to the Solar Compass i6mo, leather, 2 50 

Burton, F. G. Engineering Estimates and Cost Accounts. 

i2mo, ''I 50 

Buskett, E. W. Fire Assaying i2mo, *i 25 
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Cain, W. Brief Course in the Calculus i2mo, *i 75 

'■ — — Elastic Arches. (Science Series No. 48.) i6mo, o 50 

Maximum Stresses. (Science Series No. 38.) i6mo, o 50 

Practical Designing Retaining of Walls. (Science Series 

No. 3.) i6mo, o so 

Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series) i6mo, o 50 

Theory of Voussoir Arches. (Science Series No. 12.) 

i6mo, o 50 

Symbolic Algebra. (Science Series No. 73.) i6mo, o 50 

Campin, F. The Construction of Iron Roofs 8vo, 2 00 

Carpenter, F. D. Geographical Surveyii^. (Science Series 

No. 37.) , i6mo. 

Carpenter, R. C, and Diederichs, H. Internal-Combustion 

Engines 8vo, *5 00 

Carter, E. T. Motive Power and Gearing for Electrical Machin- 
ery 8vo, *5 00 

Carter, H. A. Ramie (Rhea), China Grass i2mo, *2 00 

Carter, H. R. Modern Flax, Hemp, and Jute Spinning 8vo, *3 00 

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, *3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics 

and General Graphic Methods 8vo, *3 00 

Short Course in Graphic Statics i2mo, "i 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemis- 
try 1 2mo, *2 00 

Chambers' Mathematical Tables 8vo, i 75 

Chainock, G.' F. Workshop Practice. (Westminster Series.) 

8vo (In Press.) 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science 

Series.) i6mo, o 50 

How to Use Water Power i2mo, 'i 00 

Child, C. T. The How and Why of Electricity i2mo, i 00 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming. 

8vo, *3 00 

Chimney Design and Theory 8vo, *3 00 

Furnace Draft. (Science Series) i6mo, o 50 

Church's Laboratory Guide. Rewritten by Edward Kinch.. 8 vo, *2 50 

Clapperton, G. Practical Papermaking 8 vo, 2 50 
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Clark, A. G. Motor Car Engineering. Vol. I. Construction. 

(In Press.) 

Clark, C. H. Marine Gas Engines i2mo, *i 50 

Clark, D. K. Rules, Tables and Data for Mechanical Engineers 

8vo, s 00 

Fuel: Its Combustion and Economy i2mo, i 50 

-The Mechanical Engineer's Pocketbook i6mo, 2 00 

Tramways: Their Construction and Working 8vo, 7 50 

Clark, J. M. New System of Laying Out Railway Turnouts.. 

i2mo, I 00 
Clausen-Thue, W. ABC Telegraphic Code. Fourth Edition 

i2mo, *s 00 

Fifth Edition 8vo, *7 00 

,The Ai Telegraphic Code 8vo, *y 50 

Cleemann, T. M. The Railroad Engineer's Practice i2mo, *i 50 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science 

Series No. 62.) i6mo, 50 

Clevenger, S. R. Treatise on the Method of Government Sur- 
veying i6mo, mor., 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata 8vo, *5 00 

Coffin, J. H. C. Navigation and Nautical Astronomy i2mo, *3 50 

Colburn, Z., and Thurston, R. H. Steain Boiler Explosions. 

(Science Series No. 2.) i6mo, o go 

Cole, R. S. Treatise oh Photographic Optics i2mo, i 50 

Coles-Finch, W. Water, Its Origin and Use 8vo, *s 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, 

Jewelers i6mo, o so 

Constantine, E. Marine Engineers, Their Qualifications and 

Duties 8vo, *2 00 

Coombs, H. A. Gear Teeth. (Science Series No. 120). .. i6mo, 050 

Cooper, W. R. Primary Batteries 8vo, *4 00 

" The Electrician " Primers 8vo, *5 00 

Part I *i SO 

Part n *2 50 

Part in *2 00 

Copperthwaite, W. C. Tunnel Shields 4*0, *9 00 

Corey, H. T. Water Supply Engineering 8vo (In Press.) 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) i6mo, o 50 
Water and Water-Supply. (Science Series No. 17.). . i6mo, o 50 
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Cornwall, H. B. Manual of Blow-pipe Analysis 8vo, *2 50 

Courtney, C. F. Masonry Dams 8vo, 3 50 

Cowell, W. B. Pure Air, Ozone, and Water lamo, *2 00 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) 

i6mo, o so 

■ Wave and Vortex Motion. (Science Series No. 43.). i6mo, o 50 

Cramp, W. Continuous Current Machine Design 8vo, *2 50 

Crocker, F. B. Electric Lighting. Two Volumes. 8vo. 

Vol. I. The Generating Plant 3 00 

Vol. IL Distributing Systems and Lamps 3 00 

Crocker, F. B., and Arendt, M. Electric Motors 8vo, *2 50 

Crocker, F. B., and Wheeler, S. S. The Management of Electri- 
cal Machinery i2nio, *i 00 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and 

Its Applications. (Westminster Series.) 8vo, *2 00 

Crosskey, L. R. Elementary Prospective 8 vo, i 00 

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, i 50 

CuUey, J. L. Theory of Arches. (Science Series No. 87.)i6mo, o 50 

Davenport, C. The Book. (Westminster Series.) 8vo, '2 00 

Da vies, D. C. Metalliferous Minerals and Mining 8vo, 5 00 

Earthy Minerals and Mining 8vo, 5 00 

Da vies, E. H. Machinery for Metalliferous Mines 8vo, 8 00 

Da vies, F. H. Electric Power and Traction 8vo, *2 00 

Dawson, P. Electric Traction on Railways 8 vo, *g 00 

Day, C. The Indicator and Its Diagrams r2mo, *2 00 

Deerr, N. Sugar and the Sugar Cane 8vo, *8 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King..4to, *s 00 
De la Coux, H. The Industrial Uses of Water. Trans, by A. 

Morris 8vo, *4 50 

Del Mar, W. A. Electric Power Conductors, 8vo, *2 00 

Denny, G. A. Deep-Level Mines of the Rand 4to, "lo 00 

Diamond Drilling for Gold *s 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.). . . i6mo, o So 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Desaint, A. Three Hundred Shades and How to Mix Them . .8vo, ''10 00 

De Varona, A. Sewer Gases. (Science Series No. ssO ■ • i6mo, o so 
Devey, R. G. Mill and Factory Wiring. (Installation Manuals 

Series.) i2mo, "i 00 
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Dibdin, W. J. Public Lighting by Gas and Electricity 8vo, *8 oo 

Purification of Sewage and Water 8vo, 6 so 

Dichman, C. Basic Open-Hearth Steel Process Svo, *3 50 

Dietrich, K. Analysis of Resins, Balsams, and Gum Resins .Svo, *3 00 
Dinger, Lieut. H. C. Care and Operation of Naval Machinery 

i2mo. *2 00 
Dixon, D. B. Machinist's and Steam Engineer's Practical Cal- 
culator i6mo, mor., 1 25 

Doble, W. A. Power Plant Construction on the Pacific Coast. 

{In Press.) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and 

the Industrial Arts i2mo, i 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, mor., 2 00 

Down, P. B. Handy Copper Wire Table i6mo, *i 00 

Draper, C. H. Elementary Text-book of Light, Heat and 

Sound i2mo, i 00 

— — Heat and the Principles of Thermo-dynamics i2mo, i 50 

Duckwall, E. W. Canning and Preserving of Food Products. Svo, *s 00 
Dumesny, P., and Noyer, J. Wood Products, Distillates, and 

Extracts Svo, "4 50 

Duncan, W. G., and Penman, D. The Electrical Equipment of 

Collieries Svo, *4 oo 

Duthie, A. L. Decorative Glass Processes. (Westminster 

Series) Svo, "2 00 

Dyson, S. S. Practical Testing of Raw Materials Svo, *s 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works (In Press.) 

Eccles,R.G., and Duckwall, E.W. Food Preservatives. Svo, paper, o 50 

Eddy, H. T. Researches in Graphical Statics Svo, i 50 

Maximum Stresses under Concentrated Loads Svo, i 50 

Edgcumbe, K. Industrial Electrical Measuring Instruments . 

Svo, "2 50 

Eissler, M. The Metallurgy of Gold Svo, 7 50 

The Hydrometallurgy of Copper Svo, *4 50 

The Metallurgy of Silver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 5 00 

Cyanide Process for the Extraction of Gold Svo, 3 00 

A Handbook of Modern Explosives Svo, S 00 
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Ekin, T. C. Water Pipe and Sewage Discharge Diagrams 

folio, *3 00 
Eliot, C. W., and Storer, F. H. Compendious Manual of Qualita- 
tive Chemical Analysis i2mo, "i 25 

Elliot, Major G. H. European Light-house Systems 8vo, 5 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils 8vo, *4 00 

Applied Thermodynamics 8vo, *4 50 

Flying Machines To-day i2mo, *i 50 

Vapors for Heat Engines i2mo, *i 00 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner...8vo, *7 50 

Erskine -Murray, J. A Handbook of Wireless Telegraphy.. 8 vo, *3 50 

Evans, C. A. Macadamized Roads (7n Press.) 

Ewing, A. J. Magnetic Induction in Iron 8vo, "4 00 

Fairie, J. Notes on Lead Ores i2mo, *i 00 

Notes on Pottery Clays i2mo, *i 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. 

(Science Series No. 58.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws . . .8vo, *3 00 
Fanning, T. T. Hydraulic and Water-supply Engineering. 

8vo, *5 00 
Fauth, P. The Moon in Modern Astronomy. Trans, by J. 

McCabe 8vo, *2 00 

Fay, I. W. The Coal-tar Colors 8vo, *4 00 

Fernbach, R. L. Glue and Gelatine 8vo, *3 00 

Chemical Aspects of Silk Manufacture i2mo, *i 00 

Fischer, E. The Preparation of Organic Compounds. Trans. 

by R. V. Stanford i2mo, *i 25 

Fish, J. C. L. Lettering of Working Drawing* Oblong 80, i 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

8vo, *3 so 

Fiske, Lieut. B. A. Electricity in Theory and Practice 8vo, 2 50 

Fleischmann, W. The Book of the Dairy. Trans, by C. M. 

Aikman 8vo, 4 00 

Fleming, J. A. The Alternate-current Transformer. Two 

Volumes 8vo, 

Vol. I. The Induction of Electric Currents. *S 00 

Vol. II. The Utilization of Induced Currents "5 00 

Propagation of Electric Currents Svo, *3 00 
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Fleming, J, A. Centenary of the Electrical Current 8vo, 'o 50 

Electric Lamps and Electric Lighting 8vo, ^"3 00 

Electric Laboratory Notes and Forms 4to, *s 00 

A Handbook for the Electrical Laboratory and Testing 

Room. Two Volumes 8vo, each, *5 00 

Fluery, H. The Calculus Without Limits or Infinitesimals. 

Trans, by C. 0. Mailloux {In Press.) 

Flynn, P. J. Flow of Water. (Science Series No. 84.). . .i6mo, 050 

Hydraulic Tables. (Science Series No. 66.) i6mo, o 50 

Foley, N. British and American Customary and Metric Meas- 
ures folio, *3 00 

Foster, H. A. Electrical Engineers' Pocket-book. {Sixth 

Edition.) izmo, leather, 5 00 

E^ngineering Valuation of Public Utilities 8vo (In Press.) 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) 

Harbor 4to, 3 50 

Fowle, F. F. Overhead Transmission Line Crossings.. . .i2mo, *i 50 

The Solution of Alternating Current Problems 8vo {In Press.) 

Fox, W. G. Transition Curves. (Science Series No. iro.).i6mo, o 50 
Fox, W., and Thomas, C. W. Practical Course in Mechanical 

Drawing i2mo, i 23 

Foye, J. C. Chemical Problems. (Science Series No. 69.).i6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.). . i6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Freudemacher, P. W. Electrical Mining Installations. (In- 
stallation Manuals Series.) i2mo, "'i 00 

Fritsch, J. Manufacture of Chemical Manures. Trans, by 

D. Grant 8vo, *4 00 

Frye,A.I. Civil Engineers' Pocket-book. i2mo, leather. .(/» Press.) 
Fuller, G. W. Investigations into the Purification of the Ohio 

River 4to, *io 00 

Furnell, J. Paints, Colors, Oils, and Varnishes 8vo, *i 00 

Gant, L. W. Elements of Electric Traction 8vo, "2 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explo- 
sions and Fires «. : i2mo, leather, 1 50 

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Dis- 
tributing Systems i2mo, *3 00 
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Seerligs, H. C. P. Cane Sugar and Its Manufacture 8vo, *5 oo 

£eikie, J. Structural and Field Geology 8vo, "4 00 

Gerber, N. Analysis of Milk, Condensed Milk, and Infants' 

Milk-Food 8vo, i 25 

Gerhard, W. P. Sanitation, Water-supply and Sewage Disposal 

of Country Houses i2mo, *2 00 

Gas Lighting. (Science Series No. iii.) i6mo, o So 

Household Wastes. (Science Series No. 97.) i6nio, o 50 

House Drainage. (Science Series No. 63.) i6mo, o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) 

i6mo, so 

Gerhardi, C. W. H. Electricity Meters 8vo, *4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans. 

by C. Salter 8vo, *5 00 

Gibbs, W. E. Lighting by Acetylene i2nio, "i 50 

Physics of Solids and Fluids. (Carnegie Technical Schools 

Text-books.) *i 50 

Gibson, A. H. Hydraulics and Its Application 8vo, *s 00 

Water Hammer in Hydraulic Pipe Lines i2mo, '2 00 

Gilbreth, F. B. Motion Study. A Method for Increasing the 

EflSciency of the Workman i2mo, *2 00 

Primer of Scientific Management (In Press.) 

Gillmore, Gen. Q. A. Limes, Hydraulic Cements and Mortars. 

Svo, 4 00 

Roads, Streets, and Pavements i2mo, 2 00 

Golding, H. A. The Theta-Phi Diagram i2mo, *i 25 

Goldschmidt, R. Alternating Current Commutator Motor .Svo, *3 00 

Goodchild, W. Precious Stones. (Westminster Series.). . .8vo, '2 00 

Goodeye, T. M. Textbook on the Steam-engine i2mo, 2 00 

Gore, G. Electrolytic Separation of Metals Svo, *3 50 

Gould, E. S. Arithmetic of the Steam-engine i2mo, i 00 

Calculus. (Science Series No. 112.) r6mo, o 50 

High Masonry Dams. (Science Series No. 22.) i6mo, 50 

Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series.) i6mo, o 50 

Grant, J. Brewing and Distilling. (Westminster Series.) 

Svo {In Press.) 

Gratacap, L. P. A Popular Guide to Minerals. Svo {In Press.) 

Gray, J. Electrical Influence Machines i2mo, 2 00 
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Greenwood, E. Classified Guide to Technical and Commercial 

Books 8 vo, 

Gregorius, R. Mineral Waxes. Trans, by C. Salter i2mo, 

Griffiths, A. B. A Treatise on Manures i2mo, 

Dental Metallurgy 8vo, 

Gross, E. Hops 8vo, 

Grossman, J. Ammonia and its Compounds i2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electric- 
ity 8vo, 

Grovw, F. Modern Gas and Oil Engines 8vo, 

Gruner, A. Power-loom Weaving 8vo, 

Giildner, Hugo. Internal-Combustion Engines. Trans, by 

H. Diedrichs 4to, " 

Gunther, C. 0. Integration i2mo, 

Gurden, R. L. Traverse Tables folio, half mor. 

Guy, A. E. Experiments on the Flexure of Beams 8vo, 

Haeder, H. Handbook on the Steam-engine. Trans, by H. H. 

P. Powles i2mo, 3 00 

Haenig, A. Emery and the Emery Industry 8vo, 

Hainbach, R. Pottery Decoration. Trans, by C. Slater . i2mo, 

Hale, W. J. Calculations of General Chemistry -. . i2mo, 

Hall, C. H. Chemistry of Paints and Paint Vehicles. ... i2mo. 

Hall, R. H. Governors and Governing Mechanism i2mo, 

Hall, W. S. Elements of the Differential and Integral Calculus 

8vo, 

Descriptive Geometry 8vo volume and 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil i2mo, 

Halsey, F. A. Slide Valve Gears i2mo, 

The Use of the Slide Rule. (Science Series.) i6mo, 

Worm and Spiral Gearing. (Science Series.) i6mo, 

Hamilton, W. G. Useful Information for Railway Men. . i6mo. 
Hammer, W. J. Radium and Other Radioactive Substances, Bvo, 

Hancock, H. Textbook of Mechanics and Hydrostatics 8vo, 

Hardy, E. Elementary Principles of Graphic Statics i2mo, 

Harrison, W. B. The Mechanics' Tool-book i2mo. 

Hart, J. W. External Plumbing Work Bvo, 

Hints to Plumbers on Joint Wiping 8vo, 

Principles of Hot Water Supply 8vo, 
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Hart, J. W. Sanitary Plumbing and Drainage 8vo, *3 oo 

Haskins, C. H. The Galvanometer and Its Uses i6mo, i 50 

Hatt, J. A. H. The Colorist square lamo, *i 50 

Hausbrand, E. Drying by Means of Air and Steam. Trans. 

by A. C. Wright i2mo, "2 00 

Evaporating, Condensing and Cooling Apparatus. Trans. 

by A. C. Wright 8vo, *S 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. 

Trans, by A. Morris and H. Robson 8vo, 

Hawke, W. H. Premier Cipher Telegraphic Code 4to, 

100,000 Words Supplement to the Premier Code 4to, 

Hawkesworth, J. Graphical Handbook for Reniforced Concrete 

Design •■4to, 

Hay, A. Alternating Currents Svo, 

Electrical Distributing Networks and Distributing Lines.Svo, 

Continuous Current Engineering Svo, 

Heap, Major D. P. Electrical Appliances Svo, 

Heaviside, 0. Electromagnetic Theory. Two volumes, 

Svo, each, 

Heck, R. C. H. Steam Engine and Turbine Svo, 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics Svo, 

VoL n. Form, Construction and Working Svo, 

Notes on Elementary Kinematics Svo, boards, 

Graphics of Machine Forces Svo, boards. 

Hedges, K. Modern Lightning Conductors Svo, 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright. 

i2mo, "2 50 
Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and 

Cotton Svo, '2 00 

Henrici, O. Skeleton Structures Svo, i 50 

Hering, D. W. Physics for College Students {In Preparation.) 

Hermann, G. The Graphical Statics of Mechanism. Trans. 

by A. P. Smith i2mo, 2 00 

Herring-Shaw, A. Domestic Sanitation and Plumbing. Two 

Parts Svo, *s 00 

Elementary Science of Sanitation and Plumbing .... Svo, "2 00 

Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, *3 50 

HUdebrandt, A. Airships, Past and Present Svo, *3 50 
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Hildenbrand, B. W. Cable-Making. (Science Series No. 32.) 

i6mo, o so 

Hildich, H. Concise History of Chemistry izmo, *i 25 

Hill, J. W. The Purification of PubUc Water Supplies. Hew 

Edition (In Press.) 

Interpretation' of Water Analysis » . . (In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) 

i6mo, o 50 

■ Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science 

Series.) i6mo, o 50 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Design of Static Transformers 8vo, *2 00 

Electricity 8vo, *2 00 

Electric Trains 8vo, *2 S" 

Electric Propulsion of Ships 8vo, *2 00 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements 

i2mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50 

Hoff, Com.W. B. The Avoidance of Collisions at Sea. i6mo, mor., o 75 

Hole, W. The Distribution of Gas 8vo, "7 50 

Holley, A. L. Railway Practice folio, 12 00 

Holmes, A. B. The Electric Light Popularly Explained. 

i2mo, paper, o 50 

Hopkins, N. M. Experimental Electrochemistry 8vo, *3 00 

Model Engines and Small Boats i2mo, i 25 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic 

Electricity. (Science Series No. 71.) i6mo, o 50 

Horner, J. Engineers' Turning 8vo, *3 50 

Metal Turning i2mo, i 50 

Toothed Gearing i2mo, 2 25 

Houghton, C. E. The Elements of Mechanics of Materials. 

i2mo, *2 00 

Houllevigue, L. The Evolution of the Sciences 8vo, "2 00 

Howe, G. Mathematics for the Practical Man i2mo, *i 23 

Howorth, J. Repairing and Riveting Glass, China and Earthen- 
ware 8vo, paper, *o 50 

Hubbard, E. The Utilization of Wood-waste 8vo, "2 50 

Humber, W. Calculation of Strains in Girders i2mo, 2 50 
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Humphreys, A. C. The Business Features of Engineering 

Practice 8vo, *i 25 

Hurst, G. H. Handbook of the Theory of Color 8vo, *2 50 

Dictionary of Chemicals and Raw Products 8vo, *3 00 

Lubricating Oils, Fats and Greases Svo, *4 00 

Soaps Svo, *5 00 

Textile Soaps and Oils Svo, *2 50 

Hurst, H. E., and Lattey, R. T. Text-book of Physics Svo, *3 00 

Hutchinson, R. W., Jr. Long Distance Electric Power Trans- 
mission i2mo, *3 00 

Hutchinson, R. W., Jr., and Ihlseng, M. C. Electricity in 

Mining . i2mo {In Press.) 

Hutchinson, W. B. Patents and How to Make Money Out of 

Them i2mo, i 25 

Hutton, W. S. Steam-boiler Construction Svo, 6 00 

Practical Engineer's Handbook Svo, 7 00 

The Works' Manager's Handbook Svo, 6 00 

Hyde, E. W. Skew Arches. (Science Series No. 15.).. . .r6mo, o 50 

Induction Coils. (Science Series No. 53.) i6mo, o 50 

Ingle, H. Manual of Agricultural Chemistry Svo, *3 00 

Innes, C. H. Problems in Machine Design i2mo, *2 00 

Air Compressors and Blowing Engines i2mo, "2 00 

Centrifugal Pumps i2mo, "2 00 

The Fan T2mo, *2 00 

Isherwood, B. F. Engineering Precedents for Steam Machinery 

Svo, 2 50 

Ivatts, E. B. Railway Management at Stations Svo, *2 50 

Jacob, A., and Gould, E. S. On the Designing and Construction 

of Storage Reservoirs. (Science Series No. 6.). .i6mo, 050 

Jamieson, A. Text Book on Steam and Steam Engines. . . . Svo, 3 00 

Elementary Manual on Steam and the Steam Engine. 1 2mo, i 50 

Jannettaz, E. Guide to the Determination of Rocks. Trans. 

by G. W. Plympton i2mo, i 50 

Jehl, F. Manufacture of Carbons 8vo, *4 00 

Jennings, A. S. Commercial Paints and Painting. (West- 
minster Series.) Svo {In Press.) 

Jennison, F. H. The Manufacture of Lake Pigments Svo, *3 00 



D, VAN NOSTRAND COMPANY'S SHORT-TITLE CATALOG 19 

Jepson, G. Camsandthe Principles of their Construction... 8vo, *i 50 

Mechanical Drawing 8vo (In Preparation.) 

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, *i 00 

Johnson, G. L. Photographic Optics and Color Photography 

8vo,' "3 00 
Johnson, J. H. Arc Lamps. (Installation Manuals Series.) 

i2mo, *o 75 
Johnson, T. M. Ship Wiring and Fitting. (Installation 

Manuals Series.) {In Press.) 

Johnson, W. H. The Cultivation and Preparation of Para 

Rubber 8vo, *3 00 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural 

Chemistry and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology i2mo, *3 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity 

i2mo, "2 00 

Jones, M. W. Testing Raw Materials Used in Paint i2mo, *2 00 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar 8 vo, *s 00 

Joynson, F. H. Designing and Construction of Machine Gear- 
ing Svo, 2 00 

Jijptner, H. F. V. Siderology: The Science of Iron 8vo, *5 00 

Kansas City Bridge 4to, 6 00 

Kapp, G. Alternate Current Machinery. (Science Series No. 

96.) i6mo, o So 

Electric Transmission of Energy i2mo, 3 50 

Keim, A. W. Prevention of Dampness in Buildings 8vo, "2 00 

Keller, S. S. Mathematics for Engineering Students. 

i2mo, half leather, 

Algebra and Trigonometry, with a Chapter on Vectors. ... *i 7S 

Special Algebra Edition *i 00 

Plane and Solid Geometry "i 25 

Analytical Geometry and Calculus ""2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors. 

Svo, *2 so 
Kemble, W. T., and Underbill, C. R. The Periodic Law and the 

Hydrogen Spectrum Svo, paper, "o So 

Kemp, J. F. Handbook of Rocks Svo, *i 50 
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Kendall, E. Twelve Figure Cipher Code 4to, *i5 oo 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of 

Machinery. (Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed 

Air. (Science Series No. 106.) i6mo, o 50 

Kennedy, R. Modern Engines and Power Generators. Six 

Volumes 4to, 

Single Volumes each, 

Electrical Installations. Five Volumes 4to, 

Single Volumes each, 

Principles of Aeroplane Construction i2mo, 

Flying Machines; Practice and Design i2mo, 

Kennelly, A. E. Electro-dynamic Machinery 8vo, 

Kent, W. Strength of Materials. (Science Series No. 41.). i6mo, 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, 

Electrometallurgy. (Westminster Series.) 8vo, 

.The Electric Furnace in Iron and Steel Production.. lamo, 

Kinzbrunner, C. Alternate Current Windings 8vo, 

Continuous Current Armatures 8vo, 

Testing of Alternating Current Machines 8vo, 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical 

Testing 4to, 

Kirkbride, J. Engraving for Illustration 8vo, 

Kirkwood, J. P. Filtration of River Waters 4to, 

Klein, J. F. Design of a High speed Steam-engine 8vo, 

Physical Significance of Entropy 8vo, 

Kleinhans, F. B. Boiler Construction 8vo, 

Knight, R.-Adm. A. M. Modem Seamanship 8vo, 

Half Mor. 

Knox, W. F. Logarithm Tables (In Preparation.) 

Knott, C. G., and Mackay, J. S. Practical Mathematics . . . 8vo, 

Koester, F. Steam-Electric Power Plants 4to, 

Hydroelectric Developments and Engineering 4to, 

Koller, T. The Utilization of Waste Products 8vo, 

Cosmetics 8 vo, 

Kretchmar, K. Yam and Warp Sizing 8vo, 

Lambert, T. Lead and its Compounds 8vo, 

Bone Products and Manures 8vo, 
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Lamborn, L. L. Cottonseed Products 8vo, "3 00 

Modern Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by 

C. Salter 8vo, *4 00 

Lanchester, F. W. Aerial Flight. Two Volumes. Svo. 

Vol. I. Aerodynamics *6 00 

Vol. II. Aerodonetics *6 00 

Larner, E. T. Principles of Alternating Currents i2mo, *i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic 

Code i6mo, o 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.). 

i6mo, o 50 
Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. 

M. Pattison Muir i2mo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent 

Electric Lighting. (Science Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice. 

Svo, *4 so 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. " Wrinkles " in Practical Navigation Svo, *8 00 

Le Douz, M. Ice-Making Machines. (Science Series No. 46.) 

i6mo, o 50 
Leeds, C. C. Mechanical Drawing for Trade Schools . oblong, 4to, 

High School Edition "i 2s 

Machinery Trades Edition "2 00 

Lef€vre, L. Architectural Pottery. Trans, by H. K. Bird and 

W. M. Binns ._^ 4to, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. 

Robson Svo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture, 

Svo, *i so 
Le Van, W. B. Steam-Engine Indicator. (Science Series No. 

78.) i6mOs o So 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 

Svo, "2 00 

Lewis, L. P. Railway Signal Engineering Svo, 

(In Press.) 
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Lieber, B. F. Lieber's Standard Telegraphic Code 8vo, *io oo 

Code. German Edition 8vo, *io oo 

Spanish Edition 8vo, *io oo 

French Edition 8vo, *io oo 

Terminal Index 8vo, *2 50 

Lieber's Appendix folio, *is 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and 

Shippers' Blank Tables 8vo, *i5 00 

— ^ — 100,000,000 Combination Code 8vo, *io 00 

Engineering Code 8vo, "12 50 

Livermore, V. P., and Williams, J. How to Become a Com- 
petent Motorman i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators. 

8vo, "2 25 

Lobben, P.^ Machinists' and Draftsmen's Handbook 8vo, 2 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid 8vo, 10 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-teleg- 
raphy 8vo, 2 50 

Electrical Measurement and the Galvanometer i2mo, i 50 

Lodge, 0. J. Elementary Mechanics i2mo, i 50 

Signalling Across Space without Wires. . . '. 8vo, *2 00 

Lord, R. T. Decorative and Fancy Fabrics 8vo, "3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph. 

(Science Series Ho. 39) i6mo, o 50 

Loewenstein, L. C, and Crissey, C.P. Centrifugal Pumps . 

8vo, *4 so 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: their Design, Efficiency, and Power Costs. 

2 vols {In Preparation.) 

Lunge, G. Coal-tar Ammonia. Two Volumes 8vo, *i5 00 

Manufacture of Sulphuric Acid and Alkali. Three Volumes 

8vo, 

Vol. I. Sulphuric Acid. In two parts "15 00 

Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. 

In two parts *IS 00 

Vol. in. Ammonia Soda *io 00 

Vol. IV. Electrolytic Methods {In Press.) 

Technical Chemists' Handbook i2mo, leather, *3 50 
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Lunge, G. Technical Methods of Chemical Analysis. Trans, 
by C. A. Keane. In collaboration with the corps of 
specialists. 

Vol. I. In two parts 8vo, *is oo 

Vol. n. In two parts 8vo, *i8 oo 

Vol. Ill {In Preparation.) 

Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied 

to Mining 8vo, *4 50 

Luquer, L. M. Minerals in Rock Sections 8vo, 'i 50 

Macewen, H. A. Food Inspection *. 8vo, '2 50 

Mackenzie, N. F. Notes on Irrigation Works 8vo, *2 50 

Mackie, J. How to Make a Woolen Mill Pay 8vo, *2 00 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket- 
book i6mo, leather, 5 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing 

8vo, 4 00 
Mallet, A. Compound Engines. Trans, by R. R. Buel. 

(Science Series No. 10.) i6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64) 

i6mo, o so 
Marks, E. 0. R. Construction of Cranes and Lifting Machinery 

i2mo, "I 50 

Construction and Working of Pumps i2mo, 'i 50 

Manufacture of Iron and Steel Tubes i2mo, *2 00 

Mechanical Engineering Materials i2mo, *i 00 

Marks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs i2mo, "i 00 

Marlow, T. G. Drying Machinery and Practice 8vo, *s 00 

Marsh, C. F. Concise Treatise on Reinforced Concrete.. . .8vo, "2 50 

Marsh, C. F., and Dunn, W. Reinforced Concrete 4to, *s 00 

Manual of Reinforced Concrete and Concrete Block Con- 
struction i6mo, mor., "2 50 

Marshall, W.J., and Sankey, H. R. Gas Engines. (Westminster 

Series.) 8vo, *2 00 

Martin, G. Triumphs and Wonders of Modem Chemistry. 

8vo, *2 00 
Massie, W. W., and Underbill, C. R. Wireless Telegraphy and 

Telephony i2mo, *i 00 
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Matheson, D. Australian Saw-Miller's Log and Timber Ready 

Reckoner. , i2mo, leather, i 50 

Mathot, R. E. Internal Combustion Engines 8vo, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives ..8 vo, *3 50 

Shot Firer's Guide 8vo, *i 50 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) 

i6mo, o so 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal 

and Sanitary Engineering 4to, *io 00 

Mayer, A. M. Lecture Notes on Physics 870, 2 00 

McCullough, R. S. Mechanical Theory of Heat 8vo, 3 So 

Mcintosh, J. G. Technology of Sugar 8vo, *4 50 

Industrial Alcohol 8vo, *3 00 

Manufacture of Varnishes and Kindred Industries. Three 

Volumes. 8vo. 

Vol. I. Oil Crushing, Refining and Boiling *3 so 

Vol. n. Varnish Materials and Oil Varnish Making *4 00 

Vol. m. Spirit Varnishes and Materials *4 So 

McKnight, J. D., and Brown, A. W. Marine Multitubular 

Boilers *i 5° 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series 

No. 20.) i6mo, 

McMechen, F. L. Tests for Ores, Minerals and Metals. . . 1 2mo, 

McNeill, B. McNeiU's Code 8vo, 

McPherson, J. A. Water- works Distribution 8vo, 

Melick, C. W. Dairy Laboratory Guide i2mo, 

Merck, E. Chemical Reagents; Their Purity and Tests. . . .8vo, 
Merritt, Wm. H. Field Testing for Gold and Silver . t6mo, leather, 
Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and 

Machine Design 4to, 

Michell, S. Mine Drainage 8vo, 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris 

and H. Robson 8vo, 

Miller, E. H. Quantitative Analysis for Mining Engineers . . 8vo, 
Miller, G. A. Determinants. (Science Series No. 105.). . i6mo, 

Milroy, M. E. W. Home Lace-making i2mo, 

Minifie, W. Mechanical Drawing 8vo, 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and 

llied Industries 8vo, *3 00 
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Modern Meteorology i2mo, i 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 

8vo, *2 00 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, 

Spanish-English Technical Terms 6400, leather, 'i 00 

Moore, E. C. S. New Tables for the Complete Solution of 

Ganguillet and Kutter's Formula 8vo, *5 00 

Morecroft, J. H., and Hehre, F. W. Testing Electrical Ma- 
chinery 8vo, "i so 

Moreing, C. A., and Neal, T. New General and Mining Tele- 
graph Code 8vo, *s 00 

Morgan, A. P. Wireless Telegraph Construction for Amateurs. 

i2mo, *i 50 

Moses, A. J. The Characters of Crystals 8vo, "2 00 

Moses, A. J., and Parsons, C. I. Elements of Mineralogy. .8vo, "2 50 
Moss, S. A. Elements of Gas Engine Design. (Science 

Series.) i6mo, o 50 

The Lay-out of Corliss Valve Gears. (Science Series) . i6mo, o 50 

MuUin, J. P. Modern Moulding and Pattern- making. ... i2mo, 2 50 
Munby, A. E. Chemistry and Physics of Building Materials. 

(Westminster Series.) 8vo, *2 00 

Murphy, J. G. Practical Mining i6mo, i 00 

Murray, J. A. Soils and Manures. (Westminster Series.). 8 vo, "2 00 

Naquet, A. Legal Chemistry i2mo, 2 00 

Nasmith, J. The Student's Cotton Spinning 8vo, 3 00 

Recent Cotton Mill Construction i2mo, 2 00 

Neave, G. B., and Heilbron, I. M. Identification of Organic 

Compounds i2mo, "i 25 

Neilson, R. M. Aeroplane Patents 8vo, *2 00 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, *3 00 

Nesbit, A. F. Electricity and Magnetism {In Preparation.) 

Neuberger, H., and Noalhat, H. Technology of Petroleum. 

Trans, by J. G. Mcintosh 8vo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears.. . .8vo, i 50 

Nicol, G. Ship Construction and Calculations 8vo, *4 50 

Nipher, F. E. Theory of Magnetic Measurements i2mo, 1 00 

Nisbet, H. Grammar of Textile Design 8vo, *3 00 

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, o 50 
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Noll, A. How to Wire Buildings i2mo, i So 

Nugent, E. Treatise on Optics i2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook. .. i2mo, leather, 3 50 

Petrol Air Gas i2mo, *o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Trans, by 

William Francis. (Science Series No. 102.). . . . i6mo, o 50 
Olsen, J. C. Text book of Quantitative Chemical Analysis . . 

8vo, "4 00 
Olsson, A. Motor Control, in Turret Turning and Gun Elevating. 

(U. S. Navy Electrical Series, No. i.) . ...i2mo, paper, *o 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems .. 8 vo, *3 00 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, 

Jr 8vo, "4 00 

Pamely, C. Colliery Manager's Handbook 8vo, * 10 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments. 

8vo, *3 So 
Parry, E. J. Chemistry of Essential Oils and Artificial Per- 
fumes 8vo, *5 00 

Foods and Drugs. Two Volumes 8vo, 

Vol. I. Chemical and Microscopical Analysis of Food 

and Drugs 

Vol. n. Sale of Food and Drugs Acts 

Parry, E. J., and Coste, J. H. Chemistry of Pigments 8vo, *4 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *3 00 

Parshall, H. F , and Hobart, H. M. Armature Windings .... 4to, *7 50 

Electric Railway Engineering 4to, *io 00 

Parshall, H. F., and Parry, E. Electrical Equipment of Tram- 
ways {In Press.) 

Parsons, S. J. Malleable Cast Iron 8vo, *2 50 

Partington, J. R. Higher Mathematics for Chemical Students 

i2mo, *2 00 
Passmore, A. C. Technical Terms Used in Architecture ... 8 vo, "3 so 

Patterson, D. The Color Printing of Carpet Yarns 8vo, *3 50 

Color Matching on Textile^ 8vo, *3 00 

The Science of Color Mixing 8vo, '3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare 

Pipes 8vo, *2 00 
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Paulding. C. P. Transmission of Heat through Cold-storage 

Insulation lamo, *i oo 

Peirce, B. System of Analytic Mechanics 4to, lo oo 

Pendred, V. The Railway Locomotive. (Westminster Series.) 

8V0, '2 00 

Perkin, F. M. Practical Method of Inorganic Chemistry. 

i2mo, *i 00 

Perrigo, O. E. Change Gear Devices 8vo, t oo 

Perriue, F. A. C. Conductors for Electrical Distribution . . . 8vo, "3 50 

Perry, J. Applied Mechanics 8vo, *2 50 

Petit, G. White Lead and Zinc White Paints 8vo, * i 50 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. 

Hubbard, and J. H. Ledeboer. . . . y. 8vo, *i 50 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) 

i6mo, o so 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) 

i6mo, 

Phillips, J. Engineering Chemistry 8vo, *4 50 

Gold Assaying 8vo, '2 50 

Dangerous Goods 8vo, 3 50 

Phin, J. Seven Follies of Science i2mo, *i 25 

Pickworth, C. N. The Indicator Handbook. Two Volumes 

i2mo, each, i 50 

Logarithms for Beginners i2mo, boards, o 50 

The Slide Rule i2mo, i 00 

Plattner's Manual of Blowpipe Analysis. Eighth Edition, re- 
vised. Trans, by H. B. Cornwall 8vo, *4 00 

Plympton, G. W. The Aneroid Barometer. (Science Series.) 

i6mo, o 50 
How to become an Engineer. (Science Series No. 100.) 

i6mo, o 50 
Plympton, G. W. Van Nostrand's Table Book. (Science Series 

No. 104.) i6mo, o So 

Pochet, M. L. Steam Injectors. Translated from the French. 

(Science Series No. 29.) i6mo, o 50 

Pocket Logarithms to Four Places. (Science Series.) i6mo, 050 

leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics . 8vo, *3 00 

Pope, F. L. Modern Practice of the Electric Telegraph.. . .8vo, i 50 
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Popplewell, W. C. Elementary Treatise on Heat and Heat 

Engines i2mo, ''i oo 

— — Prevention of Smoke 8vo, "3 50 

— — Strength of Minerals 8vo, *i 7s 

Potter, T. Concrete 8vo, *3 00 

Practical Compounding of Oils, Tallow and Grease 8vo, *3 50 

Practical Iron Founding i2mo, i 50 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 2 50 

Steam Tables and Engine Constant 8vo, 2 00 

Calorimeter Tables 8vo, i 00 

Preece, W. H. Electric Lamps (In Press.) 

Prelini, C. Earth and Rock Excavation 8vo, *3 00 

Dredges and Dredging 8vo, *3 00 

Graphical Determination of Earth Slopes 8vo, *2 00 

Tunneling 8vo, "3 00 

Prescott, A. B. Organic Analysis 8vo, s 00 

Prescott, A. B., and Johnson, 0. C. Quauitative Chemical 

Analysis 8vo, *3 50 

Prescott, A. B., and Sullivan, E. C. First Book in Qualitative 

Chemistry i2mo, *i 50 

Pritchard, 0. G. The Manufacture of Electric-light Carbons. 

8vo, paper, "o 60 
PuUen, W. W. F. Application of Graphic Methods to the Design 

of Structures i2mo, *2 50 

Injectors: Theory, Construction and Working i2mo, "i 50 

Pulsifer, W. H. Notes for a History of Lead 8vo, 4 00 

Purchase, W. R. Masonry i2mo, *3 00 

Putsch, A. Gas and Coal-dust Firing. : 8vo, *3 00 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 00 

Rafter, G. W. Mechanics of Ventilation. (Science Series No. 

33-) i6mo, o so 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series.) .... i6mo, o 50 

Rafter, G. W., and Baker, M. N. Sewage Disposal in the United 

States 4to, *6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Railway Shop Up-to-Date 4to, 2 00 

Ramp, H. M. Foundry Practice (In Press.) 

Randall, P. M. Quartz Operator's Handbook i2mo, 2 00 
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Randau, P. Enamels and Enamelling 8vo, *4 oo 

Rankine, W. J. M. Applied Mechanics 8vo, S oo 

Civil Engineering 8vo, 6 50 

Machinery and Millwork 8vo, s 00 

The Steam-engine and Other Prime Movers 8vo, s 00 

Useful Rules and Tables 8vo, 4 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text- 
book 8vo, 3 50 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains 8vo, *3 00 

Rathbone, R. L. B. Simple Jewellery 8vo, *2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. 

Trans, by H. B. Brydon 8vo, *i 50 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, *4 50 

Rautenstrauch, W. Notes on the Elements of Machine Design, 

8vo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and 
Empirical Design. 

Part I. Machine Drafting 8vo, *i 25 

Part II. Empirical Design (In Preparation.) 

Raymond, E. B. Alternating Current Engineering izmo, 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery 

Trades 8vo, 

Recipes for Flint Glass Making i2mo, 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo. 

Reed's Engineers' Handbook 8vo, 

Key to the Nineteenth Edition of Reed's Engineers' Hand- 
book 8vo, 

Reed's Useful Hints to Sea-going Engineers i2mo, 

Marine Boilers i2mo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students oblong 4to, boards, 

The Technic of Mechanical Drafting. . . oblong 4to, boards. 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. 

Morris and H. Robson i2mo, *2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. 

by A. Morris and H. Robson 8vo, "2 50 

Spinning and Weaving Calculations 8 vo, *S 00 
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Renwick, W. G. Marble and Marble Working 8vo, S oo 

Reynolds, 0., and Idell, F. E. Triple Expansion Engines. 

(Science Series No. 99.) i6mo, o 50 

Rhead, G. F. Simple Structural Woodwork i2nio, "i 00 

Rhead, G. W. British Pottery Marks 8vo, *3 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, o 50 

Richardson, J. The Modern Steam Engine 8vo, "3 50 

Richardson, S. S. Magnetism and Electricity i2mo, "2 00 

Rideal, S. Glue and Glue Testing 8vo, *4 00 

Rings, F. Concrete in Theory and Practice i2mo, "2 50 

Ripper, W. Course of Instruction in Machine Drawing. . . folio, *6 00 
Roberts, F. C. Figure of the Earth. (Science Series No. 79.) 

i6mo, t) so 
Roberts, J., Jr. Laboratory Work in Electrical Engineering. 

8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 3 00 

Robinson, J. B. Architectural Compositiod 8vo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

(Science Series No. 24.) i6mo, o 50 

Railroad Economics. (Science Series No. 59.) i6mo, o 50 

Wrought Iron Bridge Members. (Science Series No. 60.) 

i6mo, o 50 

Robson, J. H, Machine Drawing and Sketching 8vo, *i 50 

Roebling, J. A. Long and Short Span Railway Bridges. . folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry. .i2mo, *i 50 

Rogers, A., and Aubert, A. B. Industrial Chemistry (In Press.) 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) 

i6mo, o 50 

Rollins, W. Notes on X-Light 8vo, S 00 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-running i2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.).. 8 vo, *2 00 

Rosenhain, W. Glass Manufacture. (Westminster Series.). .8 vo, *2 00 

Ross, W. A. Blowpipe in Chemistry and Metallurgy. . .i2mo, *2 00 
Rossiter, J. T. Steam Engines. (Westminster Series.) 

8vo (In Press.) 

Pumps and Pumping Machinery. (Westminster Series.) 

8vo (In Press.) 
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Roth. Physical Chemistry 8vo, *2 oo 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 

8vo, 7 so 
Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corro- 
sion. (Science Series No. 27.) i6mo, 

Roxburgh, W. General Foundry Practice 8vo, 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine- 

Murray 8vo, 

Russell, A. Theory of Electric Cables and Networks 8vo, 

Sabine, R. History and Progress of the Electric Telegraph. 

i2mo, 

Saeltzer, A. Treatise on Acoustics i2mo, 

Salomons, D. Electric Light Installations. i2mo. 

Vol. I. The Management of Accumulators 

VqJ. II. Apparatus 

Vol. III. Applications 

Sanford, P. G. Nitro-explosives 8vo, 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 

leather, 

Saunnier, C. Watchmaker's Handbook i2mo, 

Sayers, H. M. Brakes for Tram Cars 8vo, 

Scheele, C. W. Chemical Essays 8vo, 

Schellen, H. Magneto-electric and Dynamo-electric Machines 

8vo, 

Scherer, R. Casein. Trans, by C. Salter 8vo, 

Schidrowitz, P. Rubber, Its Production and Uses 8vo, 

Schmall, C. N. First Course in Analytic Geometry, Plane and 

Solid i2mo, half leather, 'i 75 

Schmall, C. N., and Schack, S. M. Elements of Plane Geometry 

i2mo, *i 25 

Schmeer, L. Flow of Water 8vo, *3 00 

Schumann, F. A Manual of Heating and Ventilation. 

i2mo, leather, i 50 

Schwartz, E. H. L. Causal Geology 8vo, "2 50 

Schweizer, V., Distillation of Resins 8vo, *3 50 

Scott, W. W. Qualitative Chemical Analysis. A Laboratory 

Manual. 8vo *i 50 
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Scribner, J. M. Engineers' and Mechanics' Companion. 

i6mo, leather, i 50 

Searle, A. B. Modern Brickmaking 8vo, *s 00 

Searle, G. M. " Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) 8vo. o 50 

Seaton, A. E. Manual of Marine Engineering 8vo, 6 00 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 

Rubber and Gutta Percha. Trans, by J. G. Mcintosh 

8vo, *s 00 
Seidell, A. Solubilities of Inorganic and Organic Substances 

8vo, *3 00 

Sellew, W. H. Steel RaUs ^to {In Press.) 

Senter, G. Outlines of Physical Chemistry i2mo, *i 75 

Sever, G. F. Electric Engineering Experiments .... 8vo, boards, "i 00 
Sever, G. F., and Townsend, F. Laboratory and Factory Test* 

in Electrical Engineering 8vo, 

Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy i2mo, 

Sewell, T. Elements of Electrical Engineering 8vo, 

The Construction of Dynamos 8vo, 

Sexton, A. H. Fuel and Refractory Materials i2mo, 

Chemistry of the Materials of Engineering i2mo, , 

Alloys (Non-Ferrous) 8vo, 

The Metallurgy of Iron and Steel 8vo, 

Seymour, A. Practical Lithography 8vo, 

Modern Printing Inks 8vo, 

Shaw, H. S. H. Mechanical Integrators. (Scitnce Series No. 

83.) i6mo, 

Shaw, P. E. Course of Practical Magnetism and Electricity . 8vo, 

Shaw, S. History of the Staffordshire Potteries 8vo, 

Chemistry of Compounds Used in Porcelain Manufacture 

8vo, *5 00 

Shaw, W. N. Forecasting Weather 8vo (In Press.) 

Sheldon, S., and Hausmann, E. Direct Current Machines. 

8vo, *2 50 

Alternating-current Machines 8vo, '2 50 

Electric Traction and Transmission Engineering 8vo, *2 50 
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Sherriff, F. F. Oil Merchants' Manual i2mo, 

Shields, J. E. Notes on Engineering Construction i2mo, 

Shock, W. H. Steam Boilers 4to, half mor., 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field. Engineer i2mo, mor., 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture 8vo, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils. 

8vo, 

Simms, F. W. The Principles and Practice of Leveling 8vo, 

Practical Tunneling 8vo, 

Simpson, G. The Naval Constructor izmo, mor., 

Sinclair, A. Development of the Locomotive Engine. 

8vo, half leather, 

Twentieth Century Locomotive 8vo, half leather, 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 

8vo, 

Sloane, T. O'C. Elementary Electrical Calculations iimo. 

Smith, C. A. M. Handbook of Testing. Vol.1. Materials.. 
Smith, C. A. M., and Warren, A. G. New Steam Tables. 8vd, 
Smith, C. F. Practical Alternating Currents and Testing . . 8vo, 

Practical Testing of Dynamos and Motors 8vo, 

Smith, F. E. Handbook of General Instruction for Mechanics. 

i2mo, 

Smith, J. C. Manufacture of Paint 8vo, 

Smith, R. H. Principles of Machine Work izmo, 

Elements of Machine Work i2mo. 

Smith, W. Chemistry of Hat Manufacturing i2mo, 

Snell, A. T. Electric Motive Power 8vo, 

Snow, W. G. Pocketbook of Steam Heating and Ventilation . . {In Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science 

Series No. 5.) i6mo, 

Soddy, F. Radioactivity 8vo, 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, 

Sothern, J. W. The Marine Steam Turbine 8vo, 

Soxhlet, D. H. Dyeing and Staining Marble. Trans, by A. 

Morris and H. Robson 8vo, "2 50 

Spang, H. W. A Practical Treatise on Lightning Protection. 

i2mo, I 00 
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Spangenburg, L. Fatigue of Metals. Translated by S. H. 

Shreve. (Science Series No. 23.) i6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and WaUing. Topo- 
graphical Surveying. (Science Series No. 72.). . i6mo, o 50 

Speyers, C. L. Text-book of Physical Chemistry 8vo, *2 25 

Stahl, A. W. Transmission of Power. (Science Series No. 28.) 

i6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism. . i2mo, *2 00 
Staley, C, and Pierson, G. S. The Separate System of Sewerage. 

8vo, *3 00 

Standage, H. C. Leatherworkers' Manual 8vo, *3 50 

Sealing Waxes, Wafers, and Other Adhesives 8vo, *2 00 

Agglutinants of all Kinds for all Purposes i2mo, *3 50 

Stansbie, J. H. Iron and Steel. (Westminster Series.) . 8vo, "2 00 
Steinman, D. B. Suspension Bridges and Cantilevers. (Science 

Series No. 127.) o 50 

Stevens, H. P. Paper Mill Chemist i6mo, *2 50 

Stevenson, J. L. Blast-Furnace Calculations. . . . i2mo, leather, "^2 00 

Stewart, A. Modern Polyphase Machinery i2mo, '2 00 

Stewart, G. Modern Steam Traps i2mo, *i 25 

Stiles, A. Tables for Field Engineers i2mo, 1 00 

Stillman, P. Steam-engine Indicator i2mo, i 00 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein. 

gvo, *s 00 

Stone, H. The Timbers of Commerce 8vo, 3 50 

Stone, Gen. R. New Roads and Road Laws i2mo, i 00 

Stopes, M. Ancient Plants 8vo, "2 00 

The Study of Plant Life 8vo, *2 00 

Sudborough, J. J., and James, T. C. Practical Organic Chem- 
istry i2mo, "2 00 

Suffling, E. R. Treatise on the Art of Glass Painting 8vo, "3 50 

Swan, K. Patents, Designs and Trade Marks. (Westminster 

Series.) 8vo, *2 00 

Sweet, S. H. Special Report on Coal 8vo, 3 00 

Swinburne, J., Wordingham, C. H., and Martin, T. C Electric 

Currents. (Science Series No. 109.) i6mo, o 50 

Swoope, C. W. Practical Lessons in Electricity i2mo, "2 00 

Talifef , L. Bleaching Linen and Cotton Yarn and Fabrics . 8vo, *s 00 
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Tate, J. S. Surcharged and Different Forms of Retaining-walls. 

Science Series No. 7 i6mo, 

Templeton, W. Practical Mechanic's Workshop Companion. 

i2mo, mor., 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster 

Series.) 8vo, "2 00 

Thayer, H. R. Structural Design {In Press.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice . . (In Preparation.) 
Thom, C, and Jones, W. H. Telegraphic Connections. 

oblong i2mo I so 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development 8vo, *s 00 

Thompson, E. P. How to Make Inventions 8vo, o 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series 

No. 75.) i6mo, o So 

Thompson, W. P. Handbook of Patent Law of All Countries 

i6mo, I so 

Thornley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Spinning 8vo, 

First Year "i so 

Second Year '2 30 

Third Year *2 50 

Thurso, J. W. Modern Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 

94.) i6mo, o so 

Tinney, W. H. Gold-mining Machinery 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry .. 8vo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints 8vo, *3 00 

Materials for Permanent Painting i2mo, "2 00 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, *7 50 

Tonge, J. CoaL (Westminster Series.) 8vo, '2 00 

Townsend, F. Alternating Current Engineering. , . . 8vo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision 8vo, *i 2s 

Transactions of the American Institute of Chemical Engineers. 

8vo, 

VoL I. 1908 *6 00 

VoL II. 1909 *6 00 

Vol. III. 1910 -. *6 00 
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Traverse Tables. (Science Series No. 115.) i6mo, o 50 

mor., I 00 
Trinks, W., and Housum, C. Shaft Governors. (Science 

Series No. 122.) i6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) 

i6mo, 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 

Tumlirz, 0. Potential. Trans, by D. Robertson i2mo, 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. 

Pearse 8vo text and folio atlas, 

Turbayne, A. A. Alphabets and Numerals 4to, 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Com- 
pound Steam-engine. (Science Series No. 8.). . . i6mo, 
Turrill, S. M. Elementary Course in Perspective i2mo, "i 25 

Underbill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings i2mo, *2 00 

tfrquhart, J. W. Electric Light Fitting i2mo, 2 00 

Electro-plating i2mo, 2 00 

Electrotyping i2mo, 2 00 

Electric Ship Lighting i2mo, 3 00 

Universal Telegraph Cipher Code i2mo, i 00 

Vacher, F. Food Inspector's Handbook i2mo, *2 50 

Van Nostrand's Chemical Annual. Second issue 1909 .... i2mo, '2 50 
Year Book of Mechanical Engineering Data. First issue 

1912 {In Press.) 

Van Wagenen, T. F. Manual cf Hydraulic Mining iCmo, i 00 

Vega, Baron, Von Logarithmic Tables 8vo, half mor., 2 50 

Villon, A. M. Practical Treatise on the Leather Industry. 

Trans, by F. T. Addyman 8vo, *io 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. 

Salter 8vo, *2 00 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgiovics, G. Chemical Technology of Tejrtile Fibres.. 

Trans, by C. Salter 8vo, "4 55 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, *4 50 

Vose, G. L. Graphic Method for Solving Certain Questions 

in Arithmetic and Algebra. (Science Series. No. 16.) 

i6mo, o 50 
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Wabner, R. Ventilation in Mines. Trans, by C. Salter. . .8vo, *4 So 

Wade, E. J. Secondary Batteries 8vo, *4 oo 

Wadsworth, C. Primary Battery Ignition i2mo {In Press.) 

Wagner, E. Preserving Fruits, Vegetables, and Meat. . . . lamo, "2 50 

Walker, F. Aerial Navigation 8vo, 3 00 

Dynamo Building. (Science Series No. 98.) i6mo, o 50 

Electric Lighting for Marine Engineers 8vo, 2 00 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. . i2mo, *2 00 

Electricity in Mining 8vo, *3 50 

Walker, W. H. Screw Propulsion 8vo, o 75 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *i 50 

Modern Cycles 8vo, 4 00 

Motor Cars 8vo, i 80 

Motor Vehicles for Business Purposes 8vo, 3 50 

Pocket Book of Refrigeration and Ice Making. i2mo, t 50 

Refrigeration, Cold Storage and Ice Making 8vo, 

Sugar Machinery i2mo, *2 00 

Wanklyn, J. A. Water Analysis i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus 

i2mo, *i so 

Slide Valves i2mo, "2 00 

Ward, J. H. Steam for the Million 8vo, i 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.) 

i6mo, o so 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal i2mo, 2 00 

How to Drain a House i2mo, i 25 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 so 

Watkins, A. Photography, (Westminster Series.) 8vo, "2 00 

Watson, E. P. Small Engines and Boilers i2mo, i 2s 

Watt, A. Electro-plating and Electro-refining of Metals '4 So 

Electro-metallurgy i2mo, i 00 

The Art of Paper Making *3 00 

The Art of Soap-making 8vo, 3 00 

Leather Manufacture 8vo, "4 00 

Weale, J. Dictionary of Terms used in Architecture i2mo, 2 50 

Weale's Scientific and Technical Series. (Complete list sent on. 
application.) 
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Weather and Weather Instruments i2mo, i oo 

paper, o 50 
Webb, H. L. Guide to the Testing of Insulated Wires and 

Cables '. i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, "2 00 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 00 

sheep, *7 50 
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 

8vo, '3 75 
Weston, E. B. Loss of Head Due to Friction of Water in Pipes 

i2mo, *i 50 
Weymouth, F. M. Drum Armatures and Commutators. 

8vo, *3 00 

Wheatley, O. Ornamental Cement Work (In Press.) 

Wheeler, J. B. Art of War i2mo, i 75 

Field Fortifications i2mo, i 75 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building 8vo, 3 00 

Whithard, P. Illuminating and Missal Painting i2mo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) 

i6mo, o 50 
Wilkinson, H. D. Submarine Cable Laying and Repairing. 

8vo, *6 00 
Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine. 

{In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wimperis, H. E. Internal Combustion Engine 8vo, "3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy. 

8vo, *3 so 
./inkier, C, and Lunge, G. Handbook of Technical Gas-Analy- 
sis 8vo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.). i6mo, 050 
Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 

70.) i6mo, o 50 

Modern Gun Cotton. (Science Series No. 89.) i6mo, 050 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 
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Woodbury, D. V. Elements of Stability in the Well-propor- 
tioned Arch 8vo, half mor., 4 00 

Worden, E. C. The Nitrocellulose Industry.. Two Volumes. 

8vo, 
Wright, A. C. . Analysis of Oils and Allied Substances. . . . . .8vo, 

Simple Method for Testing Painter's Materials Svo, 

Wright, H. E. Handy Book for Brewers Svo, 

Wright, F. W. Design of a Condensing Plant i2mo, 

Wright, T. W. Elements of Mechanics Svo, 

Wright, T. W., and Hayford, J. F. Adjustment of Observations 

Svo, "3 00 

Young, J. E. Electrical Testing for Telegraph Engineers... Svo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F, 

Klein. Two Volumes Svo, *8 00 

Zimmer, G. F. Mechanical Handling of Material 4to, ''lo oo 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *s 00 

Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport Svo, *2 00 

Books sent- ■postpaid to any address on receipt of price 
Descriptive circulars and complete catalogs may be had on application 



ELECTRICAL ENGINEER'S 
POCKETBOOK 

By HORATIO A. FOSTER 

(With the co-operation of eminent specialists) 

The Most Complete Book of Ite Kind Ever Published 

POSTER'S Pocketbook is the busy engineer's first assistant When he wants really 
reliable information, he turns to Foster to get it (or him, and he gets it. Foster 
places before him data on the latest and best practice in electrical engineeiing with a mini- 
mum expenditure of time and effort. The material in Foster is logically arranged and is 
indexed in a full table of contents and a voluminous index that alone covers sixty pages, 
and to this is added a set of patent thumb index tabs that make reference to any section of 
the book practically instantaneous. The index is most thorough and reliable. It points 
right to the spot where the information sought is. If you ever need information on elec- 
tricity, you ought to have a copy of the new Sixth Edition. 

1,636 Pages 718 Tablet 1,128 lUustration* $5.00 




CIVIL ENGINEER'S 
POCKETBOOK 

By ALBERT I. FRYE 

Now in Press — Nearly Ready 

j\ COMPREIHENSIVE treatment of Qvil Engineering, in seventy sections. Each main 
subject receives economic consideration and analysis, and is rdnforced with excerpts 
from, and references to, the most important cost and other data in our leading technical 
publications — including hundreds of illustrations of up-to-date oigineering structures and 
details. "How to design engineering structures economically" has received careful study 
in the preparation of this work. The fundamental principles laid down can be followed 
readily by every young engineer, and carried to practical completion in the finished structure. 
Most of the tables are new and have been prepared regardless of time and expense. Many 
of them have been arranged in a novel matmer which will appeal especially to engineers; 
and all have been carefully ch«:ked and rechecked. to elioiinate the possibility of errors. 
Graphical methods have been illustrated freely throughout the work, and in connection 
with analytical solutions. Methods and cost of work have recdved special attention. 

1,400 Pages 500 Tables 1,100 Illuatratioiu 



